11 , j l& 

13 

15 ^iUJ ia-lLa _ 1 

16 ? ^UL »Ls»Vl liLJ 

18 ?»_jh£Jl lla ! yL, j! ( y 

20 i_4jjjtj V jJbJl jjb U 

24 w ^L£ !l oIJl^I j ^ ila^*>t> 

25 jLu^I aJL-o _ 2 

26 I L—flJj^>c-a ^-jJ 

30 J->^ CjL JoJ ^yaj^-J 

35 S^Ul fcl&Jl ^1531 ^L-Vl JDI _ 3 

36 oUj^SC^I 

37 ijl j-lJl j 0I3UI 

39 oli/j£Jl 

41 jiU^Jl 

42 (_g ^p-i Si j» 
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44 Zj^>Js\ ol« <Jl 

47 ^ >J : ^i^dl 

49 ajI O^lSj ^l^^l JSlII 

50 L-jii^Jl jl&S/lj ^^ISCI dJLJliLJl 

52 oljj.^ Jl 

53 j^Ul JUll oljal _4 

55 AjjJbJl s _ J xJ l __«'vJ oljjl 

55 ^^oJl oL«?t« 3j^>-l 

57 JliLkoJl 

58 ^L-o-sS' j-^Jl 

58 .-f-— "• 

59 i^Ul ^1 Olj.il 

59 (_5 j^ - ' ^™<jl oLx< oJ^j>-I 

60 J JuJ\ J ipLkJl 

61 ^UJl jJiiJL S^Ul ipLkJl 

62 Lj j ~*iy'' iaj^Jl; ipUaJl 

63 i^Ul ol jti\ ^hil ipLkJl 

64 J~i'r>-'' —rr 

65 Ji\jS\ ^^ci' 

68 (_5 jjUl jJLJl oljjiJl 4~«jJ 

69 S^Jjl 

70 *LJl obJ j (_5 jJbJl -u» ^1 

74 (_g jjUl jJuJl ^ iS jJuJl ^j-v2j oljil 

75 * '^*«jI>cJ1 3-LpL^*j (_^^jbJl a, . o j I 
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79 j jSl\ 31 jsJI : SiU ^L»! j Jsl£ _ 5 

80 ZSll' 

81 oLhJ 

83 ^xlJLiJl 4j ^g~> 

84 Igjji^j V^Ly^jj isliaJl JaliJ 

85 oUij./? J 

94 J^UlJ 



95 



^tJw^lJ 

96 ol^j^SC^ 

97 ^ /I oD j j^i)/ 

97 

101 fcSUJI SljJ 

103 oli jlS 

105 ^iyd 

106 

108 JplixJl ol^Lj. 

110 J^l _pJl ioLuJl cjVS ajjJUI ^iJ 

111 ciJJd 

112 ^-y^Y ^LJ 

115 oL~>wJ 

116 *u» .. Wll JjjJbJl oL>uJ 

118 ^ \s\ *j> j-t>^-'' oLxJ 

120 cjL~>c^>J 

124 ~£,jj£sy \ «j jjS; 



_ 6 
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127 \»ir*& cMJa^\ _ 8 

128 J>\lx]\ 

130 f\ jaJL JojjxJl 

133 S^SwiLjjJl Sj 1 i>Jl*_aJl 

134 Z~ : \>J.' olS^Jl 

135 <ujj .^-'V 4. : ..../-a.«j 1 oLilLJl 

1 37 ^jLJjjJI S-*jlxa 

138 jJbdl i^Ul oliwaUl : L*>UJl JbJbr *j-^> -ki~J 

141 c;ljjj&y\j olij^aJl _9 

142 j-*=> j-^SvJlj ' Ig-WUJlj * j ./ill ^iUs> 

147 ^j-aJI jJ J 

149 J-SJ 

150 aJUjc^Ij « j./ill ^ j^>Jl 

152 oGj j^i)?l 

153 4j^UI j^^S3l l-^UI 

154 ZJai\ 2u%J>Jl ol^j 

155 /IjJJl 

157 ^IjiJlj oU}Jl 

159 oUL^I 

177 JbjJbJI JUp^I _ 10 

178 ? 4JUI i^UaJl 5jjS]| : L^bJl ilUJl j ^tAi^l j jUoj^l 

179 fjJl i^bJl JLpSH 
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182 AjjjUl iiliJlj t4j_j->Jl SjliJlj tiaJilaJl iiLiJl 

183 jLxiu^Nl -L^JL-i 

188 (>• c5^ ( (j-JJ- 5 

191 SjjJliJl fclfcJlj _ 11 

192 b_, o'^l : i-^Ul 5JL5x!l 

197 i^UI SJUJl ^Lio Jyi^Jl J\ : >bJlj JtAi-^/l 

207 ^yLydl c~iJl 

221 ^^Jb>cjl _ : II 

224 LsiJ* ~ iS'jt^yl '• ^-'l^'l^'^oll 

227 jli>Jl 

229 o-^JI 
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r- 



iJip 4~Jj jlisj ' i«->- io jj«Jl ia b*. Jl j <ljJLJIj j» jJmJJ y>_y^\ 

_*1428 Jl ^ Jii*-uJl ^jjJl i*iJl j-^Jj-J ^liiJl jLJl : ^ jl 
O-^Jl i*J j ji^J tijj^jJl ijJJL; j»UjlaNI ojjjwi -JlSJj <^"^' j»2007 

.(La^j^j cJ^j^lj tj>*>lp^lj tjLrfzJ^I JjL-j kiiii ^ Uj t^jiLJl 
^1 iijj«-Jl iojjJl iSJu^Jl ^ Kijiidlj » jlxil iJa Jl i^L™]|» : LJLj 

ijUJlj (Jj^r-Jlj t oLw»Jl • cs* **->=-jI^-^J <t_jjjj o^JLp (_gJb^^ iLoJ^c-l 1 g'. P (J~-^ 

4_jJLij lij_^>Jl 4_UjtJlj t(jjUl) jit <f>\\ 4_JS>LU^J| oLliJlj C oLoL-a^Sj^lJlj 
tjlj_JaJlj A .,h a Slj t oLoj 11 j oNLv2-jNIj oLoJjJlSJ^s/Ij t oL>ijJ_*_qJ| 

.ijJlj cioJL/LuJl ilj^Jlj tisliaJlj 

^ tU- U LsAjI ( J^_ij ^1 ^yJl <£ dJUuJl ojiLa : lilLj 

*l _J:J ^Jl ^i-L^J ct^>- c y->y\ ^ji ^j-Jl oJJl jj-vi^ j-p ^ j! JllJI 

^Ip «c^>-1jJj t_j£jj J^-^ 1 (.y^ ^ <_£ _y>*«Jl <iXo-Sjj jJJjCj Li ^ijLJLqJI 



11 



.Jua* ^iU ^jjJl j_gjL«Jl ^bjjj 1— j-X^j io jj«Jl 
L»b~Jl» IgJoJb^ ^1 obl/hJl y* JS ^ i_^S 4j*>U ( _ 5 le- ibJi~Jl 

L^JLp Vxj>- y JjVl jj-Sb i_ui\Jl O^JL^Ij .((^LliJlj a jJuJJ bjbsjJl 

L^>- jji bb- LbS 1 cJbJlj ibawU- Libs' ^yliil j j^yj tb^iJl iblb lij 

libs' yJ^j <b*>lj ap j^>t>i Lo ^^jJlp <ujJLuJIj <u>tJl y-x^/l obJlJl i_uS aJLJLwii 
5JLoJj«^Jl 4^<Ju<Jl ol>JiW,/?<>JJ i ^b^l 1— >bS ,/>'■>■ bkS' t L»j»- y» 

. la ./? o U jvjsMA^S ^b^b-Jl oJlA 

oLpI yo i_jbS\Jl jj-Sv-j ol 1 g '■ » ^jUj Jj-^j ^— -iSCJl siLajljI ^ jj>- jULJj 

j»Lp Jjo jJLvS <ulj ib-«Jlp n g 1 i g ■*■ ' yjlJj-oJj t 4_jJLj| dUu ^ k_~lS\Jl 

j^SC N olj t2000 

^ 4^ bJLJa; Lu <^ j ^bsai I I^lj tL 5^l 

J*>b- yo Aj^b^i^l aJl<>-p j^b~jj tjLSbj*yij b^JLJl L jJu i 

ip^>j>c_oJl oJ_a j ) 3-L**_«u p^_L«_1J y> yd I Ji^ dibJl 




JLp dibJl 



_a 1431 /3 /20 j^U^II 
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. 1 g ... aj 5Lj>JJ <u ^JJ j~~^J j-»^jl ^iloLSwJl ^ibjtaJI <L*JC^Jlj 
^jScJ (_g jJbJl j»Jj<JLi Lxi yu> L^j jj>t-~j ^yJl oL^Jl ^Jks- ajjJUI ijliJl (_g jW'.Tj 
Ij~J<j LjI~>- jpl jJs> t— s j—> (_5^l olj ■ g •>^-!lj 0NNI ^wsj il j_«JI 

.log JLS" .» g \ l _ r Lc kiJjJLpL^ j_a iLlSJI I_La J yg a llj .j»j-Jl jL^^lj 

jJ^>ol jj ^Jj (j jJL^i jj o jjUaJL 4_l^-j e-Lul 4j«-l jj tii^SLo-j jl l <be-l ji 

Lo_ij t^j-jjjbJl ilLiJlj jr-LtlJ <t~ojjJixJl j^>JI oj-^-> tliij *UjI £~qJU~j l)I ( J^iLjj 

t ^j^SGl ^ojJLJl oUjJI j jv-LJl 0 J>Jl> (^L^l j Jj^l t ^ r - r l ■/? a 11 Ll~-^-S' 
j»3*>UI jJuJJ ajJjJIj tlJliJl 4 jJL v ajjJl ^ Lvij^j .oJLpIjJI Lo_jJlilj U-^jLjjcJj 
p j-l-c- ^.tg *-i j.S'JcJ lil Lo_AjjL>tj ^J_lSL«_j ^j^vJj t ajjJLJI 4JULJI < g a I 

^3 <l*»^lj jj^i <iJj->- ^j^sL^cJl ^JuySJjJl ^JJLojj .4j jjliJl <L^j-LoJl oL-v^ljJJ 
^jX^ jwOL-JI "fA J j.^aJl L»] .Lj-^oJl cljljjJl J*>li^ ^ .,o->C^\ CjNL>i-«JI 

^jiJlj oL^>tx>Jlj 'uS'JJl i\ L fb& J^-~~" L° j_s^ ( J-«JL>iJj c jLjJLJl iiLiJlj 
j-JLp (_giL>Jlj j-iLxJl t j-J yfl s 1 1 ^yLsljJj .oLj-yaJlj oLJj^SvJ^Ij ijj->Jl 
^l^Jl 
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<uULj| oUxJ la ,/? <J ^jXj yC C~J ^jJj iilwij t <LjjJLJ1 4-jULJli jvf^LoJlAl ^ji- Ij 

^jJlp j _^ixJl ^ j! i ajjJLJI XJLSiJI i^iLa ^ ^i- j I SJj .i^LoVl ajjJUI 
. www.nanotechbook 

ofr^jj t^^Lw^l ^jl t<u*>lis jjLJl j ±5jL» ^JLljj .1_J j-^-Pij 
j»jJu<Jl <^-Aj i~5^ rr o , yi ^LiJiJl Sjljj L^I-^^j) Jjj-«jJI ob_wAj j-w^io-^Jlj 
d)li j»JLioj .<LjjjbJl oL^lJL«Jl jv-L^i ^^p c - ( _ 5 -^ ( , -^ J< -' ilr* ,i g '■ t " ' (^-woj-aJl 
(_gJJl Snapdragon j»iUs>j j i^Ukjj iajJLpL^ ^SLiJl) ^Jlj 
ijUjj UAj! ijLjJj^Jl .ajV^>-j5 ( _ ? l-p t < *-11>o t j5s^j J^o-p J>j^ 

IJlj& \j->-jJ>-} j-JJl Prentice Hall ^jJ ^jj-Vl j ijL—j 5Tj 
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jpbJU loMo _ l 



Rita Colwell <3 j£ Ujj 

. National Science Foundation i^jiJl (»jJlaJI 5 ^>JU 



16 


?^UU (.Li^l liU ■ 


18 


V_jLS\JI iJLft 1 yL> jl j-a ■ 


20 


cjSj jJ«j V ^jUl jA Lo ■ 


24 


^-LaJl J ■ 
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4_*ASJl o j ya ^jl^I j .«nano jJU» ^ 4^JlSJI dJUu .^Ul ^ j ^j-™-; 

i-jL^>_j5Jl 5j>Jl^^I jj>J iJLJl 0 jJajkJl j j^jLl^Jl La^-jlpIj .LJMSLLa J^J 
j! ^j^Loj ^j-oLx^-l ^j^ClJ ^LJJ <w ji t is ^JaJLoJl ^jNL>JI L^JlxJj iajj-^JIj 

pi ./?aJl jjLJl J ./?■>■ U jl^i- ^jJlp L>i*>IpJj L-xL^-j L~*-i ^J->- 

600 ^ _^ts1 JLijJ j^iJj t2001 »U jJUJl <t>y>^, Jlp j^ji j^L> 422 
^ iijUsi^Jl ijjlj^Jl j! j*-^ j-; '2002 j»Lp jJbJl ^Ij-; ^J^-f- j^j-i 0 
(_5iL>tjNl ^Uj-Jl jJLJl J^^j L» I-La JjJ j t j^ji j j_Jl» 519 ^Jlp jujJ 
(_$.>! ./^Ml i jS j]\ ^y> <uib>- c-Lj! k_JJs> U l3j-4j L" JL<Jl ^y> ^u>j >J^p- j-Jl 
I i^Ul oLpI Wall jj, UAjI jjUl ^j->^j j-^-^j ./»L*Jl 

^jl^oj .i^Jj5^>Jl ^J^lLS'jJlj Oljljjjl ^y> J>-\ ij-jMn^aj AX>J| SjL*^ i]\SjJ 

Joseph Lieberman jUj-J cijjj^- j^Jb™Jl jlSj . ( j c Jal J ij^jjJlj ^jj^pJI 
i Newt Gingrich (J 1j j J<_^ : J^ o j_J J_;L-Jl *_j|jjJl ( _ r Jij>^>i jj^-Jjj 
OjJLJl iJLijJJ j_iJl 5jiL_«Jl oJLSj .jJLJl aJ>\Ju js- j-wxJIjLoJI 
jv-pJU C-Jas- ^^Jl iLIiJl j j^-^ -^-^ Nanotechnology Initiative 
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Northwestern j 

a jJjJI j^jj I juJ ^ iJliJl Delft c^sJi 4j<^L>- l\>c^S\ oLN jJl ^ 

(_J jj J^SbUj t oJUJL>- (Jjl j-"J obJ-^ ' ■ ■/? lb jj-^Sb j-«Jl <bj->bJl 

J^jiij .4~qJj«J| pi ./? ./?->ijJl JlS' jjbJl lL> js>u J^oJUXJj .AjjjbJl 4_ibLjJ l1~>u 

i_j j-^b>Jl s^bJlPj j j^JLX^<Jlj j j-obj^illj sbJs''yij *L^- > yi frbJlPj j j_ob^>~S\Jl 

.^jjjbJl iiLiJl ^JjilJ (_yb^ jj^bjJSU 

4jjb>dJl Jbo^Ml O^lLy ^yi IJL^Ij AjjJLJI 5Jb5xJl JJi^- -Ujj 

«l! ll oli obiJL>Jlj ^J-^Jl Jio-j jl ^-5 j-^j 4— a j-SJl j» j-b«Jl 4 1 . g ^ .(_gj^5b!l 

IJlAj (.2015 Jjl>o j^ji b j^-iy 1 <Oo-J J AjjjbJl ilblJb 

jbpl •. ./? ll ^j->-1 SJu-lj ,j~-Jj 1 1998 j>bp bftjbaijl 
J^-j ya LJLaJ olS^JLl «lJ JjuiJb ijjjbJl iiliul JiuJj .k_~-~=»ci ^jjbJl 

Li! ^Jl IBMj NECj HP 

o j ./?7>coJl c-Lo-^'i/l ob 5 j g .t, ll jJl obT j-iJl oJlA <b>b»c_vi jv-f' jJJ .<Ujjb\Jl 

5JuJL>Jl ^-jUl j-a iJLp .kiUi ,__5-bp ojibaJl SJL^ jJl ~J L-gJli 

<U>J jj .bj-o-P-Jll jj g bll JL3 ^JjJ-i 0*>b>t>ij t i>jb>o ^jJ>j\jwj i <Ujl»il~ul 

.AjjJbJl iiUJl ^ J^>-*j V 1 j-*-^ ^b^j-ll stock index JJ^ 

a^JjJI ^jLJl ^jIp ijjJbJl i;UJl OwU-jss i/»*>U)n JiL-j ^ j 
.cJ jSJ^/l ^jJ^ j g b" bj jij ijJaj kyAs-j ibUj 5Jl>^ i MSNBCj CNN 

Science j>jJu«Jl ib^ o^pIj .jjbJl ^UJlp oljb>Jl jjJlSJ ^Feynman Prize 
^i*>lp jbbll Jj^I j .2001 j»UJ a^JlxJI ol> j^AJl ^ j L^bbJl olj^xJl Jb^l 
.((iJLil ^o ; b«Jl 0 jibsJl)) jiJl jl j^jJI C~>J 5l*Jl dib ^ Forbes j~jjj£ ib>^> 
Jo«J <tb^iL™« ob> jj oli j-XJLa ob>c_iv b<ijl ijjjbJl <LibtxJl C-Ji^j>-Ij 
oJlSj t^^j^-bxJl jLjJl obljj b|_4j ^is C~4-ij t Wired Magazine 4_b>t-«Jl 
Star Trek: The Next : ? J«~bwi ^ oblb^ ^jwi y 



JJU- (1988 - 1918) i Richard Philips Feynman jL^_s ijUjj (*) 

.(^ jdl) 1965 aU e-Lj-iJJ J;_^ S^U- 
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. Spiderman jlojiL-— jjti iiUil c X The X-Files oULj Generation 

jvJLp y* 4_JjJljJl ^LSjJl cJulxjl IsLjLjij g^jar ./? ll IJla JJs 0 y^£- 

Ijj <. jUaj-^JJ oJUJL?- oL>-*>Lp l y\s~ jLaCL-i^l £-±y* 4_Lx_ptlJ ^c-jjI j-vaJl 
^yi 0 __ia>Jl <bj~>Jl J^il jjJl JLjjC-»^/I <lLj-»j isjJl <lJL- oLil jSvj 

<Lx_ji > il oiLva-Jl ijjjLJl JjsI j-. llj jlL>JI ^ oJjjj .<lL^>JI 0 y>^Ji\ 

U .2002 ^ Davis Cup (j-^io y\S °^J^ ^ '-^j oliLwi ^Jl 
c~>tJl <l™<>jc^ iijjLi iiLflj cjI^ LjjI jNl ^y>- t_j£~-^ ~0jzS cj\S jZ> oJlj 

(^r^ J" 0 -*-^ u~° ^^-i <-0y^f-y\ J ">Vi>- y> 1 g . .. a i J^jj— J JjL>o j! 

ys] t <tj>j jl yS^j U>_p j! t l&Jj^o j! iijjUl 4JliidJ jj^oj ^jJl i^>-jJl 

^llxs __^"J ^-^-JJJ Cools' ■ i-X>-\j 4 Wa i j,^^ <J J^ 8 ^ 1 g . jlacaj L*jL/2j! ( j^o 

yy k 9 j^>j 

^Jj LjJLJI ^JLiJl 4jiLiJl jlSo^Mj oLxJUJl ^rc-^ ^ -s>:} 



^Ja-x ^jJlp C^tJa iL>^- oJlAj td^UiLiJl i^f-L^aJl ojjjJl') LjJL- J ^jjjUl ijLaiLI 

.(1 _ 1 jscjji 

j! ^o^Jl ( _ 5 Jlp 4jjJLJI iwJLLaj Llj^ J y- ^sIjJI Jjl>JI 

SjjjUl i)L«l!l yCj i_S ^^xJl 4^>- jJl jLSo^l <\Jj J^vs jj La 

.ioLiJl iLLaJl Cj\ j^Js\ J*>1^ La y^j 
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jLlSvJIj .^^LxJ La is j-*-a 



'jiJ y 



i jj2-*-> ^1 iiLviJ t U> g 1 ■ a" ... "j L> g ; . al ,,h oj jJbJl 4JLaJj j»_Lxj Jj^/I j»LiL«Jl 

UJ 



National 
Nonot^echnol ogy 
In! t lat/i 
■'- Leading towards 
t-he NexV 
Indus*cr i a I f?e jo * wt\on 

300nm 



: 1 _ 1 JiLiJl 



lil t Lgj ^j^CL™^ 4_^>-jL?- j^l ./? a U^-jilj t \ j^Oi J^"-^ ^J^*" J 

JjLuJl J^— < <— . >LlSL!1 IJla ^Jlp ^LL^/I iajjJLJI iiLaiJJ 4jjL>cJI <LiL>r ./? Il 
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Jl jis LpL^JI JU-p^Ij iiUiJlj jJuJl ja ^ AjjjUl illixJl j jio 

Lo-ws Jij .L^lp *>^^ ^^-^l yn <j' ■ <■ 5-«^L5J 1 iLJuJl oly— Jl 



cjLv=> j c j-a-aJl ^ jl ^jJlp Neil Armstrong AJ j jJL^ jl J^J Lki- Uji^p 

.<L^^o^Jl <Laj) I?'. oJl j^_>t>cj Lgj <UjlJLa ^U-«-ajl 

-^>-i jJi jjUi -"j-^ t j- a ijl*-Ij ^y*? " j->ij" <wiS\ji ^^-^j 

^j^Jj .SijUl ^ 1/000000000 Jl ujli Lo J\ , y^J,\ ^ 1/000000000 
50000 t^jl— j jLJ^M i yJi Jai jl ^Jl jJ^i ^j^jUl oL-li^Jl j*J-~j ^L™^! 

ajj iLiLScuJl oljljJl ^jI ^-i ^ iaJiLiJl 5jjji>t^Jl JlSLiVl J« j ^jw^l 
aj^-LJI jj^jJL; ^j-o-Jl ^W^' ywl iUjI £-1^>j .l^jjU 130 jj>o 2002 j»Lp ^ 

4 1 k a t j_^>-jjJLA Olji (J- 0 ^-*-" A^—dJ ■ J r~" J-*L* 10000 oi^J>c^>Jl 

.(2 _ 1 JSLlJl jliJl) I 

jJj .jjLa jJU IOOj 1 <L^LLa JJ^I ( _ 5 Jlp ji^Ij JLxj L^_J J-^-jj ^yJl 
4jjJLJI JJLaillj .4_jjJLJ| ( _ ? iJL) t Ji j~s- jj*J> ^Jls- <• oJla c~-«— j 
IJla jl ^jJlp .ib.j'yi 

Ij-Jws jjbJl j*J-~-Jl jl jv-g-Aj jl (v-^-Jl j-^ jj^l j^Jcli .<ujL1II <L>waJl 
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*L_Ji\n j/a « a i 4JjUL* ^jJLJl j*_L~!l oL-lill Sjj^aJl aJUb (j\*J '.2 — 1 JJCiJl 
t ol^J U. Laijj . LgJL J ^yJl S>- jlil £j\~y> jJis- « jJ JiS" .Li 5i jJlil 

. Lucia Eames/Eames Office (www.eamesoffice.com) ! J it jji^ J» j^*-' 



^uL^aJl e-L-iVl jJwsl ' J^- 9 (j^ objCws^ * ( _5-* 1 (j-" jjwl e-L-i! .>^>t» 
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(JjJJl ^JLxJJ ^JjJ<-Jl L y>\j>c]\j tjL^waJ^I ikiij ojL~aJ|j iJiUl L§Joj! 
jvi-«-Jl .4^Jj_LS\Jl J^t-LLjIj <U.o^»«f>cJ 1 <U^-j_«Jl AjjjJLoJl L^^J C ^JJjaJlj 

^jJlp dJUi ^» j^-Vl oL*Ul<Jl jvJ*>L- ^ L§Jlp UoLj^I jp cib>J 
ujJJl j jJLaJ 1L) ^_vi>cj z (_g jJU Sjli j j-S\_« j! idLL^i jl JlLaJl 

jjJli jj ij .£L>Jb»Jl oLjj^SCJ^/l I^Jlp j> j^j < _ s iJl iL^Jl iJiLx^Jl Ji*j 

oUj ^JlSvJ^I a j g a a us^" "^-"-"-i ' i-ojLiLoJlj JLg->Jlj jLjJl ^j-o 

J yS- Lg~Lp Ju t .kJLs oJb^lj Oji ( j^> jjb tilL-Jl jS- LaJLXP Ix^Lo-a 

4_J;L> J _£jsJ\ j i^jL-o-^SJl SI j_oJl y>- j-LS'L IJ_a ^IJLoJl isLJJjl jl 
to .,<■?" S <>J I i.-aj^jijJl jl (_5 jjj (_5jJbJl jv-LxJl ^LjLo j_a 4_j j^>- 4_JLj— iJlj 

(jJjjUJl j»JuJl ^j^ljJ- (_S-j^l OtiJ^ ^ iiLiJlj j»-Lx-U I Ju>sjlj ./} l| 

Mike Roco jijj dLL° U-"^ jJiJl » jJmJl i~*gJ iioj ^ Jjl Jl ojlo^Jl 

:2001 j»Lp ^ ojJL^j 

jV-L— i ^3 \i_j>^m <U3jjj jj& ( ^ujl ^ys f-jz? jLJ^= ^J-?") X>-\ jJl ^~3jjU| 

jL-j^M ^ ^yJl olj^j>Jl jJwl ^JsIaj Jixp AjjjUl (_j~.il a^j .iLxjVl 
a gall ^j-jjJLJI j '. g llj jvJlxJL Lla JLvaij .<u>Jl oLjLSvJI oIjjjj- j^Ij 

4_JSL^o_*S'j 4_oLj^S (J -51 ^ J-^" J*^J < ~ j I (VP 4^o^>-LJ| ijLiJl Olj jJaJlj j^Jl 

Lo ^ iJLiLi^l _^5>ljjiJL jv^>^Jl t4^>_™>Jl Slj^Jlj XL/2al<J| 

«ul VI tlJur S^^J^aJl #.L-iVl ^ jXoUxj t1jLji*j JLi^l MEMS Lj^iLJl 
4™n_JLSL_«j jJlS\JVI oL« j Jl ■ g < j ^LoJlxj . L> g '■ . < JaJu>Jl aJLp ^— ^>^j 

(j^s P-L^il ^JaL^o Jjl-^J ^J-^l CjI^ l-^~ o ^j-^ CjIj ^jj y j j^oJI^j 4jj ^^>Jl 

<U>J j jSo jl (jSv^ojj .^~jJl ^*>\_vsjj e-ljjJl J^jJ aJuI jLj (j^o-vi jj>cJl 9 
£^j>cjj ^JLvSj Lg-^» C 1 .,h <\ XJLJL^aJI CjLj jjj Jl dUcJ (_g j^l 3^ r JLS' pi a ■ ■ W" 
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( j^ij<j -ij-^J j-^ •lSj-'^ oLLwJaJ oljl— Jl ^ iJlj-Jl <uL>_>Jl JLjLxj 
JU- ^ LgJ aJuL^ LgJ \ ^ ^ LjjbJl i;UJlj oUjlj; Jl oJla ^ o>l*isUJl 

oL-Li^ c ji* jjU lOOOOOOj 1000 ^ l^JL-ULi ( *Jjj hj ^i^Jl 

dJJi Jl JslX .(3 _ 1 JSLiJl Ju\) ^Ul jLjl oL-UL. ^ \ jA 
jLsx^>Jl J Lf zj\ £~ jL> : g j jjJLJI aJULJIj j»Ju«JI jl 

oIJjjjj ijjJbJl iiliJl c~~Jj ^jJl oNl>c<Jl oIj-Lp J ^jJj Lc- jju 

4 W a '. 1 1 » ^Jj J^JxjJl -AjJ-qj JaJLi i_S j—- t4_JUl 4_LJ_aJl Jj ,/? all J 

^jJl 4™jLj^/I jajJmJl ( j^aj«J LvajJm j»JJLij t (( .> Ixj ^1 1 j*-Lx ^ ~Ajj>^S\ 

<LjjLjl <L)LajJl oULSLaJj cJ^i\^yja <J j» jJL) jv-J t 1 g . Lp J-5-J 

. Oj-J^sJl 




. J. Gimzewski, UCLA iiil j^a Jju i 
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.LjjS! JLJl JS ^ (SI iJjoJl) kyuJl ^Lill 









(m) y« 


.ydl y> 1/100 


(cm) 


.ydl ^ 1/1000 


(mm) y->JL» 


jjbj c « jj U^jI t^-Jj Cr 0 i/ioooooo 


(jj.m) y-»jyJU 


ol jIjJI jji^ ^ SlU-laJl JLSw^l oL-lLo jju- 




. yxil i^SLjLSwij y£J 2*1 oL jlidl j iLLScIl 




ol_~,U_« -JL- j_a j tjr jdl 1/1000000000 


(nm) y«^U 


J^Lojo l _yJl o Lo.l~~.4- 1 j 4J1 .,1? 0j . » 11 objjJ-l 




.iijjUl iiliJl L^ 
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iLuVl SJl— - 2 

♦ 



( "' > Ben Johnson jj~J^>- ^» 



26 


ji ./ill j^o >_ai~>t« ■ 


30 


^iUl oLjLs«j jZw ■ 



.(^ jdl) (1637 . 1572) i^JI ^ ^ j y^U j jj (*) 

25 



.(I 50 

J.J <J oJlS' ( _ ? iJI jl ^ iVl 5jl isrj-i (j-^j ^j-^-^-U *AiLj Lja Uji*_o 
0_j5J V tiJJU *>U^ J^— -I i/r*"^' k-JiSCJl Jj^>o t)l 1^ ^ cs* J • fkiill 



oLxSsaJI ^ J>5 ^Jui> J Ja Oj-S^J i— S j— < .4JLJ2JI (j—A^J LUJ 18 Lgj«Jui> 

t_o^SloJJ Cols' j- 3 ^ (j-~ flJ ^ ^ jSo i_s j-xj t cjLIjJ 9 dj>njbJl iuLojJl 

Jl ^j^JI c^j^JI Jl ^1 c JJ>H Jl ^1 & ^UUL 

I i_jkJJl oL*5C 

4_LJjJl CjIjJ zl ,jv2-*-; Jj i?-L>Jl j-fJaJj toijo^oJl ^wxJLj jj J^ 

i_^aJJI ^Jai ^1 Jv* lt* j-o-^-^l 

J I Jl j^JLp J \^ljjj>- ^cwilj IJLaj ■ J rcc^ < -' ^J- 5 ^L;-*cSvJlj ^hW^t^' 

Jlp 4-jL_«_^S\JIj <L jLjJ_w«JI o^LJl jJ^ jl«jl*J j oj^SJl oL -LiLJl j»_L^ 
^Ufj jl Jj-Jb^ j-o p>\ j-o i_o^5C<Jl 0151 tdlli J Jji tL^-xULo 

. ( j-oL>0 jl jl lLL)U>i*>\j jl 

iw^aJJI jj t^L-iVl ^^j<^ ,_5jJUl jJLJI Jj J i Ujup jiCJ 

4j<^Js> ^3 JijJl IJlA t j_< k 5sjj .ijL_o_^5CJl <W?I j^-j ojL^vajl ojl <U>-jij 

ol^bdl dJJu t Lgj_a i_~aJJI JjSsXj oljJJl (Vjj U J iiil^uJl ol 

t-i^-^L; M (_g jJUI k_^bJJl jl 




aJJl k_J<5Co-i J j-^ JJ <Uj*>\Jl l _^2iJl 0 j*?- x\ aLJuJI ol j W->Jl JioJ 
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^z? a il 1 f, 1 '^j-j jj-u*)^ 4_~JLj>- j»_>tj>cj i -&JJI <u» W S i .ijjJLJl oL»UL«Jl 

.jJw»l LfJu«j>cJ 0^-5 IjlJ bJ^ t top down ^jJjjJl (_£jjUl ^waJL; 



-,1)1 



k_~a JJl ^ ^^-J . bottom up jj»../?Jl (_£jJbJl ^ 

nanodots ijjjUJl JsUlJl j! quantum dots i^j^isJl JsLaJl LftUj ./?■>- ^xJl <LjjJLJ| 




^IjlaJI j^j^Ul j^JlaJl : 1 _ 2 JSLill 

. Getty Images <us! j-a Jju oj j^aJl O—ii 
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j^j^jUl jj-jliJl : 2 _ 2 J^iwJl 

. Getty Images Ajiil j-a -Uj C«~-Xi>1 
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.(2 _ 2 JiwJl) 4i>Jb»Jl Jil yJl ^iL^j! ^JU^= ^ iiJVl jVl ^ji 4 jJmU<Jl 

.(3 _ 2 JSCllI) L>S\ dJJS iJ yci j^J L.I c o jJu^i. 

jIjdljI ( _ 5 -^- t ' J j-va->Jl I^-Ss-o-jj .Sj-~-SJl oL^ULoJI j»Jum ^Ji^ <L_jL5 Si j-*Jl 
ajjJLJI JsUJl oL*UL= ^— ™j j.*^^! j jUl oli JJl iijJUl isliJJ ^ULJl 
L-^~~ yivf^l JjJJl J^JL Ijl: U JIpj— L^Ul isUJl j! ^1 <.hi\jiy\ 



Lk!l 



t j^j .L*_a <LJIj Jajl L^pjJj 1 g W « ./? i IjlJ 



LjU LgJaJ^J ( _ 5 i-So ^ L^vajy 4-ijJljJl JsLiJl ^y> ^yiSo 

^U>-jJl LgJ-o-p iJl oJlaj .5i j->^<Jl i j^JL> j^^^l j jJJl iijj ^.W:... i 




. Richard Van Duyne, Northwestern University j^f 
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Cj\ </> oLa jJut/j jjbJl siUJlp ^L«Jo<j <Llii Jl>jJ>s~ ^ g aJ 

oL^Jl oljJJ->cJl i. , a ./> ~~j .oljJJj>cJLi Lo (1) j-o L^-j ij j_JiL_«_^S\Jlj j-*- 1 
jl 1 J-^J c O^LoJl (j j-oljj-^flJl p-tfJJ j_Ss»qJ| ^^^^ (J-* j-*-*^J 

L^jLxLLa j»_xj>tiJl ^j^Lojj it-j—u ^LJtlj (_£ jJLJl j»Jl~JI ioLoJl { jp\ y>- 

jj-^iJU^oJl |< " g ; J .oLijJm^JJ LiLft Ij J ^3 a j»Jl>«J| t LJLp 

oJUi l_g_9 1 jJiJL^il * j-™^ I-!' 4->j-)Ul 4-jULJl pi sta sffljtj* iJucJ t j^Loj I JJ 

jLo-^JUw^llj ( j>iLJjJlj ^j.^llj Ju^jJl 4j c ^AIpxj lj» ■.r? ; S>~ ^\ 
j! (_gjjbJl jvJl^JJ oJbjjjJl ^^sljjJl c olflyJajlj iilidl jiaj '^-^-j 

t j JJm ^i- j^jjiJcJl jl5 c 1 950 j»Lp ^ .jjSLLJl iiliJ ^jj-Isj J.,^aj 
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4^«_9j oLt-Lxj (_g j)J>- c_ 4jLa iSbj& (j^; ' jv-JL^I *L>cJ! ^-^>- ^ __^>- 
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^JjJLi; i JjlH iS^Ji <. Gordon Moor jj-a jjijjJ- ^_f~3 

jl>Jl jl-Jlia j! ^Jip (Ja™^JJ jj^> j^li or LJ ti-jJO Jj^l O^Ls 
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1000 ^. W: ,., i ULp 15 J^J JU^Ij jjJL^jJljjJ 015 ^JJl j4-=-Jl 

^L>JwoJl ^imj i. LjLo j jja l) 4 _ 2 J^SCiJl -j 8 j-Jl j jJl^j_>I jj 

^Lxj^ll is jWW |JU L>JL*>- •,^'">o i— S j— ' Lo^i j jjjls ^jI^JLJI ^ysiiXLa jls IjJ 

Jj t(jb~ljJl ^v5-<JJ olj^jjJl oljLLi oJLp iJj ^ LJL^ <_s^ 5_5<jL_iJl 

jjb UJ Uij J^jo i_s j-x ^tjl jJJl jL ilixpMl j^-^! ^— ™" (j-* 4-»-> 

£>i ^lilj ^^fl jj>Jl t LAS' oJUJjs- ./?" 4^>c^>i ( J~JaJ (_g lij 

j»Lp J jJl>o) iota! I iLliJl ol jj^Jl J*>t?-j .^j ^^<Jl jJuJl ^ oL-ULJl ^liJ 
j_5jL_«J| *-;-<>-^- ^ jJajJl o^LpJ tC^lj^kJl p b oLxijjJ Uij 2010 

.ijjjLJl ^Jl^iJl J-^ax™^ ^ L^J jLSd ^jj^ tl^>c_Jl Jalixjo L^jJj<j>-j j_5^S\JI 
Vacuum 3*>L>^Jl 4^Jj jJlSnJ^/I oULL^kJl ^J-^ 4_;L1j JjL~<JI diJu JjbU^i 
.j»jJl Vinyl record Oj-^aJl J^p^J oUljJa-x! j! ^"' ) tube 



Jji Ijjb ^Jjs- j ^aJU--^jl ^1 ^-^"^ J^JJ -OLj ^iSvJ^M jLj l _^3Jjo L> g '■ ■ i La ^3 <l5LwJu ■ W a J-g-^- j»_S^>tJoj 

l>-Sf! (*♦) 
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^Jj a_w«jJL ^j?i>-j .LAjjL>cjJ 4JL ^_1s jj j-j ^j-Ss^i-j ijjjLJl <ulJLJlj c JLo<_Jl 

.La jJlaL^j j! ^ -i bpl 
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36 oUj^£J>!l 

37 ijlj-ijl j oljJJl 

39 oUi^l 

41 jjUJl 

42 ^1 i\y 

44 5jj-*JI oU ^liuJl 

47 ltO^ 1 

49 fj! j^lSj JL^JI J&ll 

50 Vj^ 1 jl&Vl j ^j>j*£}\ dLJlSLJl 

52 obj^aJl 
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^b£Jl 

.CjLlJj>J|j oljjJl (*-^ (_s^ 'I— »Vl <L^Jl*JI __£.>L_<J| {y> lj> .,h i 

l)I 4j<j-I ^Jl oJla ^yi a .L-^Jlp jJuJl (_gjW^ (jjJJJl iiU^lj JlJUdl 

oLSjl j-SJLS') (_£ jJ^I 4_>5^ ijj- 5 oL>_L~^- i-o-j jl £c-~>^v=> .(L^> j.« y" 

LI .SJL* 4i>^i dJJcujj ^(^^-jjJ^Jl Sji 1 55a ywl 2000 _< i_ ai~l) 
.4_^>-j_a <Li_»tJ* lLUcl«_~s t ^j^-jjJL^Jl 5ji <dii_r <t_JL J>i«-j (_jj.il ' ijj-Jjj-ril 
Liij ( jyij<Jl L> g .}> «j jl ^jJj L>. _, ili t k_ Jj>- ^31 Lj^t _v^ j ^^Jj a j^-j JL>- 

4 a ■ . .. 1 5J.>Ij<_qj 0 jJtil kiJJj {jS- j^jcJI t j^*jj .^wnLxVl <LjLi j4^Jl 5 jiil j jJLiJ 

. Coulomb's law jJ ^5 j jjli UL^I __y«-™j 




Q 2 j Jj^l |^1I~>«JI ^ Qu t ^IaII-^JI S_LoLaJl 5 jJLil ^ F 

l)LS' lij 4JI Ji^^ .^IaI^JI 4iL™<Jl < _ r A rj t^yllil ^L~^>^\ ^ 

j IJJj t (LsAjI <u-JjJlj) ojLi^ll jj-jJj Q2J Qi -i 0 j-S^j (j-^j^r^l jUkH~pJl 

.IjLju <b«JJJ L^jLs . __j3 *L^>- 5 ji y*y LjJLLpj .L^>- laJLc- L> _j '. ■ < Sjiil 
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.i ~a jJ jS j jjLa) o j-iLw« <>c^o oJufcj .i j^L>iJo 4ji)ci>c^Jl oLx>c-xJl ijj .ji-^l 

.holes i_jjiiJlj oli-ljiJl dlL" .La*Ijj L^iLiJ ^jJl oiIpI^jDJ J./?->o U 

4jJlL«1 ^yj <■ (<LJL-Jl oLl^>i— Lil 1 g '■ a S ^ij <lj jLSLa JJLcJ <_jJl 

Jlio^/I J^Jb^j . ajj 1W.iI kiiij (_jjJj«Jl cj^Jl <cdi>i! t («u^-j>i oL^-j) 
.IjLjLi *>U>^- ^^Jj "j'- 5 jr* - J^-^> 

Ja^>iJ c yfi <Cj>c— i oli ^JloIj 'li-lS' ol jj ojJJJ ijj^js \i . ., 1 1 i oJLo 

iJL^ ^ S^jJl DclS" 1999/2000 y>^> J\ tS^JJl . b ^ Si ^jJl 

^p-l olji ^ ^51 <u™Jl oJla t t j~>-jjJ_gJl 

0I3JJI 



OLj Jj^ l^s^—-^ * ^ J 1 Sj-iiil ^_^aJLa ^y> \ oj j-s^aJl eX& jUJjil jLaJL--I . Solipsism GiO 
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'^>^->. i^yl^\) 2 3^> lt*^ ' + 1 lSj^ (iV-tju-M-^ 2 3^> ijr*j) 

.^Jj . . +3 (_5jL™J ^^>t-JL> (j»j_JlJJI) oji c ii^l oJC jv-j t +2 (_jjL~J 

i43 Jlj ^^^1 j! ^\ l + 91 ^jU j! 1^1 c^xt dJlxJ) +92 ^jL-J 

.j-^LjJJ (^jjjJl JjJL>Jl ^ dJJi J5 4jjj 

0I3JJI jta oM^JL l^is" oUj^)/l cJlS UJj .Uj^l 92 p^ljjJl 

jJjjJl iJjJ) 3l _yJl oLij jJL^J^I iJLp 015 lijj 

oUj^S^I iJlp jlS lilj .ion SijLi SjJLil t <LsL^S 0>c-i SjJJJ C-jlS' 

oijLlJl c—ivsjj t<LJL* 4.J1 ./? 11 o5-i-Jl ajl^J; tiJLS' ^ijLjjJj^Jl iJLp ^ 

i-Lt- oUjJj i-Lt- (1)15 lijj .iJL^ LfjL; 

^Jw?! j j-So j! ^\ i~^-j-<Jl ijljJJl ^j^j -^~r j-" oijLiJl oJLS'j t4JL>Jl 

j»j . 1 g ll Bjij .Ljjij y>sjjlj 0.1 oljJJl jUaj! (_5jL-Jj .oJJljJl 

ya oljJJl oLxLi>i jj .jjLajJU 0.22 La^ W q »_jjLijj toljjJl 
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o-Xa s-l^Jl <\JL <uL*iuj ,f-^y>- o ajoU ^y*^& cjIj^ ^-^s^j L<>j~>- 

jl a»l -AjJjj .Sji 21j 2 t j_o oljJJl iJLt- ^j^i j j^Cxj objj^- 1 _ 3 Jl$LlJI 





1* 




*Ua-Jl ol jXll jii .i*:LiJl S^-JUaJI ob^-l ^iLJ : 1 _ 3 j5LiJl 

Chemistry: The Central Science, 9/e, by Brown/ : jJwzil j-« j-^jJI jb iiil y J-*-> 5j j ll 

LeMay/Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 
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jl ^Ij 1-kjljjJl J.P 4jjj_^jl ^ oLJjjJLSJ^I jl ^1 I j-laJ j .jLjL-«— 5 

o^Lp I^Ls .cjLs_jj^>tJlj oljjJJ 4_^jl_wo_^$LJl ^yl j-jJl t j_p LsA-jI JJjj_>^<! 
^yi J^So .tiUi (_5-L^ J^-Lo j»L*-kJl ^-Laj tJ^alj^Jl 0 Ljj j; -^-^l 
ISJ jl™j*>\J ^Lo <. ^cJuJl jUj-SL jlJJJl jljwaJoJl L>_aj (.jjJlSJIj j»j-Ojw2J1 

dJJuj ajj ^SUJl olj^^Jl .^ULJl ^jjjUl o^^U ii^Jl pIj^-^IIj 

oljjjj>Jl j j-So lL™~ t(_gjJLJl jv-L^Jl Ul .o^LpLiJl ^l>lJb~Jj 
.Sj^jJI lIjU y* 1 .,h'\ j j5vJ j! iulj ^AJ ^S^o-j t olj^>Jl 

LoJILPj .o j>u\ J^-- 1 ^^-^ 'J <oLp 5j jjLLqJI Sj^Jwa-il O lj_> J->J I jJ *y 

^j-^j I ^ '• « 1 aJ.sLjl>s olj-olj 4_<>J j j_5sj jl c L*-a oLL)Jj>JI JJlScJ 

tLoJl jl ' I j-i . jj-Jj-S' jjJLaJ Llsjj <LjLij_g-S\Jl oUj>t-iJl 4 W ."Ij-; 

^ jy^>\ iJbJJ jj-Sv-oJ ' *>^-a ojl j>- I jL^ jj-^J j-A^<Jl 

Jbj-J y^-j .*>IjL^ t 3 j-laj t) (jl Lj<^j 4j«_«^9tjl»J1 f-LoJl objj^- 
oljjj^- ^j-^ jj^xj j! ^j^o-j 4JLv2.il •>! j-«Jl 1 j^aj<-i d)Ls IJJ .^JL>- jlJl>- Oj£jj 
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^j/iX-J ^j^O-J jilx-oJl .j^Lx-oJl ^j^-J <L>jJ ^X^l 4_JLv^ ( _S~J' 0 -Ji—fis 

iS y>c3 olj^j>cJ <JlLsl jlilxJl oLjI 5iUaJl JJLj is jJai-j <LSli j^-S\Jl 

<LjL> j-^-S^Jl oL>c-xJl L^_J 

iJj-A^ <bl ^jJlP -L» (Ji*"-"^ t—OW l-L* Oj-S^j 

j_a ./? oJl t oUjjJlSvJ^I ^jjb <ulj^/jij t olj JJl <\_*3 jj-p.>j_«Jl 

dJUL. U-U_p .^,^^1 <jpUajJ^I jUfNL. 5JjLlo jJk^> <ll£J tJLJl 

^JjlLvo l> * .^L-o-^SvJl Ja_il ^JJ Lo^iJ ^JuLo-a ( j^> ^jlLoJI JL«_pI 
(_5 jjL>tj LfJ'y SJjLc- L^jL Si j_«Jl oJla i_ iLvs jJj .^o^Vlj i j-^'bll j jJl*u j-aJIj 

oLjj ^^^Jj ^J-^J j 1 -^ 'bwN Li j^o-P .A^s>i*Zj\ jj-ij 0 j^- oUj ^^^Jj 

.JjjjUl i;liJJ U ^1 ^La SiUJl oljj ^^-JNl Ji^J ^jj^ jIjJLo 
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j^Jl j»JLp j~*J j-a (JjL-JI ^ UoLi jl^ L»j . <lJu<9 LaL~^-l LgJ jS o-p- yj 
LuiLsL Jij .ol5L^lj™Jlj ol j-Jlj jiU<-<Jl ! jI j-oJI fyt olxi 0"}LiJ 

Lf ii\ (plastics oljl~-*>LJI) ^jIjlUI Lp^-i cj\j^JjJi\ ^-IjJI jl 
cj\jj'y>- LgJl ( _ s 1p O-SLJl iJu macromolecules e^^-SGl olV)AJl LL^I 

jLSL.il <*J j-SL<j <LoL»-l oLj^>- ol j^>_J j-Jlj JajljjJJ Lo 

J^Li ^Jlp L*_a iL^a^Jl (monomers ol j*y j^Jl ( _^JL-J) oljJJl £y lj j£c~* 

^IjJsl J--*>LJl jScjj 1 4jik>^<Jl ^jXJl ^y> ^5 tpolystyrene 

Ja-J ol jjj-^JI J-^>*}L^ tjl I-L&J 4 O-jL^Jo l)I ol ^-*-J j^-LI ^SLo-jj 

J-^J N dLLllJl oJjJLllI ol ^^J jJlj . Jo^*>LJl JsjIjj ik^ljj (_£ J>~\ J^*>L~j 
^jJlp l) j-So i_i Jo t JaJii If- <LJJl«_«J| j--P j| j-«Jl l-2j ./?"Jl ^Jj 

o j-xL>Jl JLS' jl ( ( _ 5 ^-L-~Jl) iLjJaJl ij j ^So«^Jl Jio dLLl^j ^>_J jJl J^i*>L>i 

SjjJLoo^jUl Ol j^i-J^JL) SI j^JI oJb ^j-i—J .5JljJJl oJUJLj. 4j»Ua^i Si y> 

j>JLk^™<Jl polyvinyl chloride (PVC) J^-iJjJl sx>c^ jjiS JLxjj amorphous 
.tiLLAiJI JbJLiJl j^>_J jJ-J ili-o it- jJOj (_g ji^l f-LJ.1 j t_^oLi*b/l 

-IwJ-P'^l JJ^f^ 3 ^ ^jj ^ -Jl^-J jJl ys ^f)'. oJl ^ol5\Jlj 



t ^^^^-J jJlj polyethelene ^J^jJ jJl ' ila^—Jl ol jJl jioJ 

^jJlp i-«_jliL!l ol^^-Jj-Jl j j^J t jiL«^JJ Li*>\J^j .Lsj_<>_p i^Jj^Jl jJIjJJI 
(_5 jJ ya *_jjJjJL) La oLijjj^SsJ^II jj! ^>-j^l ( _ 5 -L«- aJjLp jjjj^ol 

jj& LJ Lis jj .iJLj^S^Jl ii^L-Vl 1— LJJJ ^ Lp|Ju>c*«il ^3 L^jI ^_™Jl jjt il! 
j jJ-S 1 i<> j \ ./? oJl j»Lo^>Jl 3jLl^i L^JLLjj t 4_pI_U ^jIjlIJI o— ~J t ^-i jJOi 
.polypropylene ^Jlojj^JjJI ^ ^iva<Jl J^Jl jl J^~r«Jj^l 
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.^bJl ^Wa Jl ^ ilj^Jl oJla .polysaccharides 



Sji 28 ejJH 1*^* f »aj .j^JLjI i^j-JI a JLJLh j^o fr j^r i^ij^r ^ J-*-' '.2 — 3 JbS^iJl 
»ji 1000 ^^isr-i ^jb>till jj-JLjl iJ^JI Lai i (i!L>lp) jjijZ 

Chemistry: The Central Science, 9/e, by Brown/LeMay/ : ^ j-JSLJl iiil j_« J_*_; oj j .,17 II c~— -jlsI 
Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 

Li- 
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Aji]c^ji ^Yy\ oLSL^I^-Jl .LgJ <Lij5L»Jl j-^bjJl Jb~l Lg_j ( j^> c ^S' > yi 

^Jip^M ^^Lp J^jJ'j '(•^"oJ^I jjb i^Jlp^I ( _ 5 1p JlwalvaJli .0I3-UI 

jl ji- ^Ji^s-j .is jJLJl Js*>LJl ol a ;; Wt ^L-o-a^I ^y> 5j>-ji ^jJlp a ^™JLSCJl 

{y»-J> Sjj ./?>^a klL-al^^Jl CjXjj J^S^1\ < _ S ^->J ' jiUtaJJ La *>LWj C Ol^o-JjJl 

o-bJLi L^xSvJ t 43 l^jj j*S- Lo j^P ^^Aj .((wsLLs^Ji I SJbJLlJl ojl^>Jl ol>-j.5 JL^P 

tAjjjUl SJliJl ^3 LplJjk^l SjIju ^3 jVl -LL^l ^JLaj tULp SjLJjJl 

.4^<JajJl oLvijjjcJl ol ~t)--\s~\ oJLt-lj jJLjj 

»_ 5 Jul«_oJ I ^jUjJli .LJ isjJLJl ilj^Jl , la «-a jJLj La (^^Jlp J^>-^j <LiiLuJl oJla 

k_~JL>Jlj ^j— i-J-lJl j j_Jlpj J_«_>sJ| cjL-Pjj ^^jJlLoJI ^ . . 11 ( j_> e _ s <9j i jI jjJL 

ip j'. a (.y^- 9 ' '*-™ J L>n^ j^P ^Ll L*_~q->- jL^c-i^l (jljjlj ' 9 LJ 'b/ 1 J 

t j-Pj I g "Lj j-SLa jj- jY*> ^_w_*J ^Jk j_«Jl lLLL) j-=~J ' CjLj j-SLoJl t j_a 

jj-J Lg-a feu ^jSvJ c i^JC^Jl ol a. . W:U SjaAjI jj- 0 <*-JLp l _ 5 J LP 'uJl>^<Jl 

.4jj_^>Jl oLj j; la '. »J| jj Lo«_wJs> I j '■ P 91 Jl (J^"*^i 

ijjJLoJl (_g j-^-^l j_v^Lo«Jl ^wo-^-j l j^L>tjJlj p j.JwJ—Jl j j_jJ<j_oJIj AjjiLiLtfJlj 
La j! .5^1«ji iwijUij 4_oLJ toLu^LuiJl iJtp t_JL>- ^jJlp LajLo.^1 

<u«jj! i j_a jj-SLij oUI j_w>Jlj oIjLjJI < a «-a oljjl jj-^ «ll<>JL) 95 ( _ 5 -Lp AjJ-j 
jw^LlxJI oJlaj .jjjj^LJlj t j_^-j^jLxJlj l j_^?=-~S' > ^lj Lr^~-?J"^^' -j-vLlp 

i -1-^- ^ W ■ ... 1 i-jL^i^lj t LsAj! 4 . « '. .,/-> II Ol^o-Jj-Jl < b «-a ^^3 <t o . ^ o 1 1 
^wJl p-L-J 4^ . ■ laJl L^_L<i-*JL**J I jjj *. ^-jJjJl oJuJ^St ^jj j_S^j lg" m*j 

L^JLa-xJL^il tLo-LiJl ^JaX™jj t Ajj-jxJI i—ajLls jJl ^^-A^jJ JlJLxjJl 4jJl_Jl AjjjLJI 

ilj^™^ L_aL™>-l ^3 oLjjj>cJl t JLLqJI J^—^ (w5 ^- t 'j -o--^--^ - ^1 j-^ 1 
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. 4j j-j>J| 1 g aS~ljgj J^Jcz] L^**o 5 J.a.».^.M 4j jjbJl ^y 3 

^j^l i±j*>ljJl olXiiJl .<Ljj—>JI oljjjj>Jl ^j^i Oj-^-S' 
jaL^i oli <ul*_a o j-Jw objj^- t j_a c iJljo ^yJl oli^iuJl <iXa ^^£9 i*->1 jJl AXaJl 

t ^> t »«5'Vl hemoglobin ^jlpj^^Jl jj^jj-; J^oj>oj t keratin ^jJl^SCIl ^yjy 
<jr~?J j-^^ i _y>y^>^**'\ (V s Jjj-~o nitrogenase jL-^-j _^Jl ^^Jj^jj <. L_o ^ 

tRNA UjJlj DNA UjJI jLJLJ ^ J ^~ rf ' ^V 1 ^' ^j^Jl c^lv^ j 

L«_^j 3 _ 3 J^LiJl ^vij-jj . W LjjJl ( jljl_Lj IJJ t ijjJbJl ^y^-Jl 

i y>-j k_™~> JJL^ oL^x-i ( _5^- p iSj^H j^—^ (j-^ (-J - ^' UjAJ 

(3 ji 1 g 4^>c^j1v' oUj^>- Jj-ljJl ■ I J jjJl-^j^Jl Olji 
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UjJI cil L*^^ 




(i) M 

(ju>- jjJl (ji-jj JaJaJt .^ji^il UjJl i_J jJJ ^j-^L?- j^J (I) : 3 _ 3 J^iLiJl 

Chemistry: The Central Science, 9/e, by Brown/LeMay/ : y j_^jJI j\s S_iil y _L*j 5j j ./? 11 
Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 



.(GCj CGj TAj AT J*J5) ^-S\ y '^->J (y> U^lj (L-L-! L-jj ^-™J) 

i>o ^JJl jUj5o JUL51 ^lar l yJjy>Js\ diii . ( w> j^Jl killS ^ ta jj>- 
adenine j-Ji^M ^j-^-J 1? ai oljjj^- oyj! .yi <u> j-*-^-" y IjL^j jl (V^*j 
T j A _j j-i^j ^Jl cytosine ( y~* _yu~Jl j guanine yJl jjJl j thymine (V*^! j 
. C jl G _> j 1 a . "^j j j t J2JL9 L> g ./? io Tj A 1? ."^j . Cj Gj Tj 
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^j-J^o-oJl ^j-w^L^Vl ^j>-jy\ jU $ j_JjJl oJlA . W i°i L> g .,<■? «-i £>i Cj G 

^^Lp k_«S'l yJl oJla . CGj TA ; U>_aLj j^j^j GCj AT L>_a ^jJ,^- jJI 

UoJl t_J jJ ^ i^L-^l £-1 jjbU -J itl™^ jjs. genetic code ^~*Jl jlo^Jlj 

iJlp j^yj iLjIs CjbjJ^- 4j j^Ca oL^Sv— i •ij-?^ (_y*J ' 

.L.-S'^Jl LjJbJl 4JUJI ^ ^-Ij JUjcu-I IgJ ( _ r J 4JI .^ji^^l 
JL™5!j t oljLJl ^jjicJ j»UJl oiUJl jiu-> (_g-iJl jjj^SJl JL™S1 ^yl-oj 1 5i Ll=JJ 

4jUS' j-Aj t "^jjLtJl J— »l j^Jl «LaJij'l l^Xa 0 j-iS' iS-^JiJ ' ^"-^ (j; ^r- 0 

.(«l^J>Jl) ioLvaljMl 4jLii jJl t_™~> AlLiJl ^o-vi oNl.,^"*)U .ij J-xl 

t4jj_^>Jl ol a . . \}~.\\ ^3 j»ljb jji L^J *>\_J_a j-SI (_5 j-^l objj^- <u>Jj 
Lo| L^JaLjjL Li ^slijJl ^y^juj .^slixJl objj^- 11 oL^Sv^Jl 

j! ( _ r i-p ^j,^ j j jJ j.S' j j_jU jl I jJa-ij .olJj jJLSCJpAJ iiJjL>^>j oLiLLS' 
4 _ 3 J^SvJLJl jj-^j ' JliuJl J^-~ " -(^-j jJ j^) a-jLj (_g ^^ix-Jl 1 g .,^hj 

^-j jJ l' 5 L <> --- c 'l ^ J< - a I la . " jj (j! ^j-JjJjxJ ^SLo-j i—A-S J OljJJl ^o^>cJ 4^Jl*£ 

.4^J^>cJl <ULJl <C>r_..".J I 
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J_jJL-i jj_SLj jl ^^jJ-jJ-^tJl ^i^-xjJJ ^j-SLo—i . molecular recognition 
t allergens oL™>t_<Jl ^j^— ~J li^jp objj^- ^Jlp j»-™^Jl ^y*-J> o^^r^ 

^f-^^nJo (_g e-L-ilj I i j—Jl J^U^aJIj ^ j-iJJ . Jail 4_JJJj>Jl olj jS^oJl 



0- 

:' Y 



5+ 8+ x 



/ \ 

or*® 



. Advanced Light Source, Lawrence Berkeley National Laboratory '. Zai] -bu ojj. lf 7ll 



d_^iU>- » jju 4_^»™Lj>cj jjbl jja ^9 ^jXjJjaJl t-S^-xjJl JLojC-xI 



c^S I ijj . pheromones olj yjJl objj^- l3*>U»Jj •/> ; U^jy 
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<iJL jja ^J^Jl ^j^j<jJl JLojCUxI Lv2jI ^jSlojj .^jj-Xu oLol>-) ji 

Lg-vfl-nj t-S^-xJ £_JaJL™J tol^JijjJl L^^jj t0j_«5\Jl 4jj—^cJl oljJJj>cJli .frL^JJ 

jl ^^JjjaJl t_S^J«jJj ^j^oJJ -^y^l ^J"* 5 *" pi • \J^j\S>- i _J~~> lLUJuj i\./f*U 

iLiLo-ii *j a la j tLoJl Jo<_>tjj t 4_J_v? ( L^s I j_J I ) ,j~9j-SsJl ol_J i_J j— ' ^J-x-^«-J 
.AjjJLJI aJULlIJ 4_^bjLoJl ^^ajLvajxJl |JU~lj ^^XjJjaJl <-}"jjc}\ j^JLxjj 

JLx_j t Lo j-x-v? *L^Jl ^P-*- ijj-iUJl aJLSjJI j-^-S' ^LoJlpI 1 j jj '. < 
jl ^Jbtj t J^ 1 ^*" ^o** 4!? ■"Ijj jl 1 g ... a'. ' 1 g ■ .. a I ^j^jtj ^ ^^j^-jl 
j»-L» JU-o_i tiUi ^j^oj .<LjjJLJ| 1 <L^LoLi 4_4jj_l3 t jjj 

i^JLva ^j^LitJu it- j^>^ c_a_aJ j! oojl I SI <ol jjt 0j~5\Jl oL^LLoJl 

^ .<ui j j-aJL i_S j-^< (^Jul jlSv^Jlj 1, a saJI <bjj l _ji~f- ^jili I jjj^o jl jv-^-J-*- 
.^J^Jl i_3ycJl ik-xl^j <(5jj^3|)) iaJij J^s^>o t^jjiUl jJLJl 

^jl j^lSj ^U^JI J2JI 

t^w^^xJL; »j ./> II .*L-J>Vl iSlj->^ LJ^I^j- ^-r**-^" 

^lJIj L^L™^-I ^3 ^^j^Jl *Lvi-p| jj-j 5JiLjLa olj-JilJ ^ol ^>Jl oJ_a ^-^>_^- 
.ajSUJI pL-i^lj SSllaJlj objjpJl J^J ^» ^1 i^jUJl 

jj-ows oUj jj^sJ^I j ./? Jlj ^...tJlj (jjJJJ iiL^Jl o*ApLii]| i J 

oJlA ^^o->- JLoJjoj .C-Ji^j JlS Lo-Xj j_gJL^-J jl jl ^J^T b_«JlS ^Lv?l JL^-I jL 

(ajj^>J| j-ftljiaJl j) LgJLS^ «-L^>5\Jl jLs t (_g ^p-l .<mJjL>t^Jlj 4JuL>jl<JI 

0 y>- oUj^lSvJJ i_s^ f ' <-£ j-^*^ jiLx^oJl jl jv-Lx-i j^jj .oIJjjJlSOJ ^Jj Jjji>cj 

iiJU jj j^Jl (_g j-aJlj aJ^LjuJI kJij j^Siiy\ ol^Ul Ll5 jjl jl bjl s<a p| 

^ t bjlj. g^J JJ«-iJj tiiUaJL bj«^i>t^i i^^y^^Jl cjV>j ."U^jb^l 
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. Ohm's law *»jl j^jli itaU^Jl oJla 

t/ j^i jJLj iolp j ./? "^kjj <. current ljl_J S^LJl j^s- oLij ^^SJ^I JiJJ ( _ r L~jj 
dUJb iLrf? olS (_5 jj^l oJL^I jj jl 4_Jli!l ^ iaiJJuJl oUj ^SJ^I ->-^>HJ 
j_pwa-U i^jLiwaJlj) jLJl Ji-AJ ,^1 resistance iajULjl j..s>.-J*J j .^JLxJl 
L^jo^Ij j jjli oUj^oi ^1 j^i voltage J^-?Jl L>l . R y> jJL ( j^-Jl ^ 
^iJU 1^5 SiUJl j^f- jLJl ^iJJ ^yJl is^^Jl 5 jJiJl aJL J^->Jl ^i^joj .*>11>J 

jj&j t iojULjli jLxJl (_gjL«j JL^>Jl j! ( _ ? i-p j jjli 

dlJL^ ^ l^-*.* J^l*xJ ( _ 5 xJl aJj ^iS^JNIj 4_jLj_g^Jl oljljJl ^jIp J.W'.^ 

i_s j— * jLjJI jli iajULjl oijj ^>t^»Jl 5 jJLlI c~JLl lijj . ^I^Jj t_i * 

OLmLsx-a ^^3 j»jl jjjU J^o-J<-J O^LaJl ^p^J- ^_^>t-rf5 

il^LS^uJI oljljJl ^-p-o-if- JLoJLxJj .iiLkJl JJJ is j W j^>Jlj jJ«-^Jl 

JL>- jj M Si j-» iisliJl Jil jJli .j>jl j jjliJ ^L-iVl ^-vi>J M 

I g ' " (_g j-=^l oNL^ <LqJj .aj] j jJU 1 g . Lp ^jJaJL; j IJJj t ojLLa Lfci 
J^aj IJlaj ,»jI jjJLaJ UAjI j tijjJLJl jjjj^sJl i wuULS' t ijjJU 

^SLsLj-j LoJLw>- L^_>cJLj<_j i_S (_5-^l 5-oJl ol_jJU>tJL]|j ol a . . la " )l ( >a «_i 

.<uSjj>Jl oLjj ^S^J^/I 
Vjli^l ^jli^l dJLJl5Ul 

t j : J^i JljJs ^ji^Nl ^jjLJl *U>J^Jl t j_a ^ r ~^S' oLiL^iJ t c^jjS ^Jj 
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oUj^iSJ^I t iLivi L^^J oloj ^ ULoJ ^ijwa^J ^ ol3-LlLs 

. quantum mechanics ^ j^SGl dlJLSLJl 
Sj-i^Jl ijLJ^I jLSo^l ^ j-«-Sv-Jl kiLJlSL-«Jl (_g j La : j 

ol b-^*>\-a £_sAj ( _ y Lf' j./?"ai j-x t Lla buvil j£-\ ^jA>^j La ^ tlr^ ■^!j'J- 4 ~ > ' , ^' 
^/ t oLxLiLJl ^ j . « 11 jv-L-Jl IJla t^/j! .LJ ijjj^vi ^J-*-" 
.IjJi^fi ^Ij-^l J^-* 1 ih '°- > ^' u^i j' j-«^-»L; <Lj>tJjlj iiLkJl isUi>J (j-S^ 
i^jJl oIjl^j tiSLkJl Ja>o c^ilS ISJ quanta oU5 tlj^-^l oJla ^y^i 
iaLviLi JaJii Juva>o j! jj-SL^j *>li>i oijLi A^>t-i j*Jo .<cj>tJLJl 4JU- ^ iJL j-^-SLlI 
jIjJLu (4 ./?qLju j! SjuIji») <u_«_S\» SijLiJl «cj>t-i j j5^J IJJ .oLij ^^^Jj 5_! I3I j' 




jLjJU j^>-SJl iS jJl^JI ^Jls- aJlL^I _^Jl sLw>Jl IjJ j»jJJ N 

oJjlJI c^JLS' LU5 : 1 ...jl™. I li2 5 ^^JCLa j-Uj U^P Oj-^-J j-^jLJ-! • ^ J' 
^ 4^>_l5L<Jl frL-iVl <jj2-x-> dUi -j-^l <Lpj-~j 5 j^CJl (_£ j-il 

ijjJLJl ^y^-Jl iJL>o ^L—Lx^l jlpI j^Jl I jJiS o\ 

1 i^L^^SLll 5^>^iJ| J^j Ijili V&jcj- ^Juj ^jill diLJl jj-oLtJ LJjJI ijJoJ>\ 
<t\L~j j\ is^Ji ilL^ j^Ju j! J^i ^ Ajtvij <L5LkJl jIjlLj j! 
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SJLSsIl JjL™^ ->^j»J iwoJfcVl <jJl_j 2L>-ja ^ j^SS\ dJLjlSL<Jl jl 

JLpIjJJ Uij ojJc^^Jl o>-_vsVl jljJl iJU>tiJ tjLLoJl ^L-— < (^s-^ .o^LJlj 
phthalocyanine i ^L r ^jJLis j-pjujl t^iGl ^^j^Jli .^j-o-SJl dLJLSL^Jl 
*AjLo U jJ ^yJajtJ ^^j<j jl cjju^JI J 1 W : i ^ tijj^l jjJJl i^ 3 ^ lS-^'j 

0*>L>JbcJl oJlA jl .i^Ji^Jl jl kJ>\^SS\ "CUX; Jj-^jCj L^™<L> jl 

jl Ijl jJ»j>-\ jiSl N*>Ua iihi^jl i^JoL-ojjJujJl jl jJ^I ( _ s Jaj<J <blJL<i jj>o ^jIpj 
C~jL~^jjJ-aJl ^1 ■ - " " i_jj^J! jjJa-J 4jjJbJl ( _^Jl Jl ^L~Jj-?=Jl j^ IjI^jwI 

^ J->=J ^j-" ' L>l jjl Jj>tJo ^ Jj>cjjl ^s>~ .j^aZj j^aJI ^-Ijj 

lili j-^-l (J-jI j a i I g i jjLljj oiLoJl LsAj! j-jj-j jl * j U t j-S\-«_>j 
oJJLol ^^1 ijjl ^>Jl isUaJL jj«-iJ d-Lili | _ r ^>-..t..a ^ j-^ ojLL^ o-~<J 

4JIJ3 jJLv2-J jl 1 ■ OiLoJJ ^j^v-o-JJ .(■ j ,/f \\ 4 W ,il j_> jj_*_oJl ^]\ ( j^«_JLJ| ^^ji 

^jjj . 4jjl^>Jl f-j ./?ll ^-ll ./? aj iijbJl t.jlxj^/l ^3 Juva>o U jlj-f- i«J J-s* 

iJu-xJl ^ ( _ r ~«Jc^Jl 5iUaJJ ( _ 5 iS^Jl jlJLi<Jl ^^Xj ^ t o^L>Jl ^>->- 

oJla ^ jv-Sv->^-iL; jj-Sv-J .(islJaJl JiLi^jl j-A 3 ^UaJl oi_gJ ,_^-iJl W /> II) 

.ojLjNI ij^S (^jip *L-il Jj^9 ^c^™' JSUaJl 

^j^LLi) iaLkJl c^wjI jJwl i^JLx^Jl j»L~^-^l c~>^~v=>l Lo-Kj 

: J j. tall iS jJux 4i*>lj<Jl oJlA sbLiJ .j-51 lg-J lj j^JuJs\ (4J a'. rj\ iiUaJl f-lj^-l 
IJlAj .(^ji^l oii y"j AXP jiLyaJl ./?ll Silla J^wil J.WII ^Ij jl5 UJiS' 

Lj <b «LoJ<j OjIS jJW'I ,j» j->=Jl jLS' LoJlS' ! (J-^J-^^I ^-^i^ > =-V 

^hjjj jjllJ j^I isUaJl ij- 0 ^ 1 ijtH o-*-* jj ■ ( _ y J 1 - f, l 

J^j-jj t ijjJLJl ^^-Jlj oLl>j^>JI 4 W ."Ij-; «■ j .,(■? Il ^^jj jv-S^jJI Ijl?- 4_al_A 
tljj ^LSvJl k_~~il UAjI .ajjJLJI SJLixJl ^ (_gjJc«Jl Lt- j_v=> j» 

.2 JwaiJl j^JuJl *j jU k_~ajJl 
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( '" ) Richard Smalley ^ j£* ijLiijj 

4jt^L>- Jjjj t,^^ 
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5j^jLil oljil 



o j->jjj Harry Kroto yjjS lSj'-* £^ ^' e-Lj*— SUI ^ J->j-> °j-5L>- (J-' 1 J ./?■>■ (#) 

.60 . j_^jS3l ^Li^M 1996 »U Robert Curl 
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60 nm 



Rs scon as I rnent Tor. t h " s people t<e.l1 me 
about- mf n I crtur < zot- ' on. and now *ar it has 
progressed t-odtau Tf : <eu T -el' rne about 
e'ect <-ic motors t4tot, are T-he size of the 
na7 I oh you r small **iny:i". fir. J «. I vre Is □ 
device On Cjnt> n - :rk*?'. r . hey '.'.II rn«f. which 
you son write the Lord's Prayer on the head 

of o p"n. E-t- -.hat's Motrin^'* vha^'s the rriosA 
prim"T lot-, halving "", t Of". 1m t^if d^ffO^Cton I 
I r tend to d'scuss. It is a staggeringly smio' I 
wor'd t*-ot is belo>.v. In the year 20GD. ..'hen 
they look bock at + h;i age. they will 
wonder .jhy it u'as not until the year 
1^50 that anybody beyar seriously to 
rncoe In this dTre^tlon. 



400 nm 



Rj chard P. Feynrr.an- 



luLul! c -1 j 1960 «U ^jL^iJ t-* 1 - 2 -^ t/- 11 i*JX)l : 1 _ 4 JiLiJl 

.Mirkin Group, Northwestern University '. *uii1 j-a Jju oj j. lf ?ll d.. m«I 



j»JLp byyc^i i_i i£JL>Jl oJla jjxLJl j^ijo L>J~^ t2000 j»Lp ^l) 
.(1 _ 4 JiC^Jl J&\) «Ljl>- oUjVI 11a ^ y>dL 1960 aIp ^ a^l 
Richard Feynman oUiJ ijLijjj Jo^ Sjjl^- (J Jip j5L>Jl ^J\jyJil\ <Jli U IJla 
ilUfJl c~DJ=! L^J! Uj^p _ r ~ J J 1960 aU ^ UlL)! ^1 iUSJl ^ 

dJJjJ jjiJl ^jIp O^l Is^o jj j .o_U>! JUs (_gJJl ^jj^l lS^^I A^uasJl pJl 
(aSjJI k_~w>o<Jl jL^i j~^J Uij) 2000 j»Lp jjws ^liJL I-JLjj (_£Jb»Jl 
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^•-.^."Jl oL-Jjj J^So .olji^l LojJ j5o J 4JI jj&j i-la-^-j t_™Jl 

oljilj 4jj ^SLoJl JajLiwJl t jJw'li jjwl olj ■ g ?o ^.ws ^j-a LuiSLa <_jJl 

j»-L«Jl J^>_*JJ <LLli jj-^-j j*J ' »j ./? iLi . W ll olj . g j-«j>JI 

.ijjjjl OjiJl 

JjIjJj ^Lij olji! jl j^i j^Jl aLjJLJI iJLajJl I j-^-i i_~-~< Lai 
oJlj La olji^l dUu jj -iij->- j-° c~^_^>l jJ ^jjLJl jv-L-Jl SiLJl 

^1j<jJ| JLJ kiUi jl t <U>s_aJ_a j^s- 1 g . ^ L^Jlo-jC—J ^^Jl oLjJlJlj t 4 W . 

^J)\ LlJ^^Jj 4_Lv?j i |>JJ^-~J I jW' . j*JL*J j^M J-SLo-iJ -Jl 

Sj-aJjJL LJuLxjl Jjj t^j^^tJl ^ji 5 j^>-1^j ijLajJli .j^ji^Jl ^ 4 '_a ( _ 5 Jlp 

4j^jL)l ^jxlit ,j-<L5 oljil 

La ^jjk (_5jJl_Jl jv-LJl ajjj i_J*>UaJl ^j-Lp OJLpL- ^^Jl olji^l ^jl jJ 

oJla ^ y6 . scanning probe instruments ^^«Jl oLl^a 5j^>-! ( _ 5 I-~~j 
j j-lil oLw^JUj ^j! ^jjjJ ^2 IBM olj^j^ L^J jJJa I j£3 ^jJlp LgJlS" 
Ls ■ - 1 iilx-w»J cSS^>- La ; Ijl^JI 4 W ■ . .. < 3 j5LaJlj .^j-LxJl 

j\ L-lj^ jl liM ji jl *>L>j>t^i jLS' li^ La y—*3 aJ j g ... 1 ^Ja 



iL>c-jLrf? ^jJlp 1 g a Iji tojJJl ^LJLi obi L^JLS'j dL«-w?} J^>-^ ^jLp^JI oJla 

,J-j<j 0 ji (_£-L-> J_sil-Jl jl j-klil j*^ Jjjl- 5 Jl ^y^L?- L^iJj J-a J^— 'I iLjjj^ 

^-^LoJl OjJjJl j^->t-a i oJlA .L^J ^j^>J| iiLt-J j-S-S'l ^-W5^/l iS' jJ5- 

.^t^Jl oLlo^a ytU^a jj&j t scanning force microscope 

^j^O .tLL«~rf?J l _jJ^jJ) Lo-S ... ll ( _^Lp '^1 J-il jl ~oJl jj—^t-a (j-JJ-ij 
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^ iji ^ULi LJLp (_gjL~j <u^ULij tiLxj'yi (_£jjLi ,j~>t-<>Jl 

i atomic force microscope AFM ajjJJI ojiJl j4-?^ J^qjcl~j tjL^Jl J^— > 
^jSvJ t ... II <_sJlp kil^-wsj (jpj Jlxp J .,^?>tj ^LJiJl ^jj LjLoJ j_a IJlaj 

.(_£ jjUl jvJuJl ^jX^ 4./? JuJ JLxj 

^Lij t scanning tunneling microscope STM ( _ r «-iJl ^c-~oJl j4->^ ^ j 
(_gjj>tj ^jJl "ULjJaJl ( _ 5 J-f- .^W ... 1 1 ^™<>J| jjxlj jj-^ jU>Jl jLjJl oJLi 

.4Ju>t^Jl j^-SvJl J^-Jl ^^ajl ^aj- ^LJLi j! (<uL>c_»Jl ... 1 1 jJl! jIjJLo) 
oJjLj- ^j-Lp Heinrich Rohrer jjjj jj^> La j Gred Binnig Sji- J ■/? >- 

.iijjiaJl dJJb L-A^jjiaJ ljjJ-4J 1986 j»l*J 4jL^>La Jjjj 

jj-SLo magnetic force microscope MFM 4 . ... . W: «-oJl SjJJl j4->^ 

^J-P <L^L>c_oJl 4 ..... ,1? *_<>J i <lJlJ1 ( j^Lj>t^J ^j-t^S^jj i. .,. JaJLu^o ( j^s ^«^aJl (j-°^j 
iil j_m ^3 3*1 jill (j^'j (__^°-*-^ 4_£jLJL<j <LiL ^Jaj ^ ... . la* kaJl ^-xLoJl Jl^joj ^Ij . -Jl 

^j-oljjl * . 1^7 ■ m 1 Ojjw? Jj) '^"^c-U <L»)J_^lj»- ^j^«J>cJ lIjU^jjIj^- J^^*JU~UJ 

■>Iji*_«J| 3 j j-vs jj II cLULj <duL<j! (j-^j . <>t-»Lo oL™>c^j jl j >- ( j^o L^Js-l jj 
JjtpJ ^ ^ r; iS' i>-L^ iojj .1 J ./? aJl ^ oLjIj i_gJJl (jjJbJl 

.jUa^JI ^ tiloC^^/ jj^JJ 4^L™Jl ^j^^l j j-rf5 oijj>o j g la" j»U>Jl 

Jo t'btLa'yi ( j>iL5>s ^j^s e-L-iVl jjj^iZj ^™<J| oL>m 5j^>-! ^ l?7 ..." 

<u«jLa! c_«-JlSvJ (_g (J-jI j-t LxJ j-s j-j t— s j— ' ijjjbJl iiULJlj j-Sv-oJl j»JU«J| 

jJhUwJ ^^i-^j t 1 ' I (_£j j^LoJl ^^woJl j_Al_>c-a ^j-fl J^~^ ^| J- 5 ^ 

iaL^Jl 0 ^SlflJli .j^jiiJl £t™«JJ i^LxJl 5 j^aJl j« j^j ^™<Jl oL~>t» 
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1 j C .^ J' . 'j Jl ^y) ^j)'. ■/) a ^jAfij ./fi"'?' (J""' J ! 2 _ 4 Ji^SJl 

. Hersam Group, Northwestern University '. <ui1 j>3 Jj»j oj waJl «S1 

oli c^ilSj iiye Jjl iiji iLxj! ota s-LJM ajjj jj-o a^^UI oL~>t^Jl 

<daj~"}l>ij <Ls- ^Jks- (Vj*-" j jJ * j-vi Ja,J j spectroscopy ho II ( _ s ^*j 

^j-a I^^IS" t ^--^Jl oLj>uo ^aLsx-^ *lj-aJ ^j-a j*-^lj Ij-JlS" ^JJsl *lj»aJ 

.iiLya^ll jJl 

Mto iww™Jl iSLSsI oVli .iwo_^Jl SL>Jl ^ ^ijJLj AlaLW.oJl ^IjJl ^y^-i 
o ^lx_J 4_oL5 Ju>t— Jj 1 4 .,^?>cj (_£ Jul >Jl isUaJl ^L*' LpL**iI 

^jXJl ijij^Jl ixJtVl .j»Uaj«Jlj jiJl J^J ^ ^L^* 1 ^ iLiiJl ^ jjl SJa— 1 jj 

jlJj>JI ( _ 5 J-p ^Jj ' tail <oL*p ^3 Ll« Ojj-i^sJl Lg-li-a i^Ij Sjj-s^ jv-™>Jl 

magnetic resonance 0 ... . W : «_oJl jU j-^JL; j^j ./? "Jl j .j»LL>Jl ^ ^ jl 
.ijJaJl olijJaJl ^ U 4i jJUl 4lsLk*Jl ji-l ^jj jjb imaging 
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( I 4j>- j^o J jja * jwi ,__L?L! <jl i_5^ ^ ' * 4-*jLJLJ| iijJwaJl La! .<LjjJLJI l _ s ^Jl 
.J jiaJl dUS {jj> y^p\ ^ ^1 (^y^-il i^-lji ^ I ^^J^ JLi» j~S- <Ju«j>o U IJlAj 
<bU Lj yu jjU 900j 400 ( *JL ^ j^jl (■ j ./> II i>y J jJa l)I ^jJJ I jiajj 

l)I ,ol jjU <b» .,h s ^s- L^jLxIJLi Jbjj *y ^jJl tL-iVl <bjj ^ \xJm> jj^J ,jJ 

ioL*-^Jl oIjj^jaJI ^^^xj electrochemistry *L«_J> j^SLSl J-°L>Cj 

isLW ^f^j ^jiJl oLjUaJl Lc- j^j; <LjL^>~S' j-^-^LII olj . g ^Jl ^iS'lj .ioL~«— SvJl 
**>UaJl j g b:^ 4_~Jilj<_<Jl 3jj^™Jl .5_JL r o_ r S' o*>LpLaj ^y kJi^y^S 
t ( _ s JiJaJ ^1 SiLJl ^rli,* ^jIp jiU^Jl electroplating ^Lj^-SLSl 

jLoJl jLjJl ^y oLi JjJlSsJN I <Uj><i-XJ| j-«Jl l)J-*-«-JI ijl j-i 

.oJjL>c-a (j^L«-a (J ^r\j ■ .. 1 1 

^j^L^jj i AjjjLJI xly; ^9 (jUaj ( _ 5 -Lp *Lwo_^S' j g 5Lil Jl^>_»JL™j 

o iL_a . ^ olji <u«_wJa (j^LJ t j^L«-jj .L^L^L>cj 1 .,^1 L^JLoj<jl^iI 

ijijLjjij L^jjjj) 4^sJ_AJLa <LoL_<i~*S' j g ^ oLjjij ^J-oj-^jl^Jj c *-Lw<>-*5' j g ^Lli JL^-*ju>*L 

4jjjL\JI (_5^Jl «-LlJ LJLp (iuL^»5' ^-^o oL«>t^ 

(_M ° y~° ijjjLJl ^y^-Jl <Ljj jj-a j-SLoJ (JjI j-kJl c-JL? 

oLij ^S\J^/I alJjk^-il ^pl jJaJl idDu j» j-ijj .^-~<Jl oL~>t^i oLjLaJ ^jjJaJ 

^-^>r .,h jl t j_a 4jllx>c_a jj! ^jJ^J ■L^-S' jJ-^JJ ioLoJl <LJj «JjL«^oJ * j ./? ll t j_a ^JU 

oLj^xSLlNl j -L^-~4j iaUJl SjSLaJl ^jJlp ^ yC L*~a^- L^J! t ^yjj^Si\ 
i^j<Jl ol5i (_g jj ^^Lu Ujj^- oLj ^xSU^I dHj jLx^Sj .i^j«Jl 

transmission electron microscope ^j^jl^JNI iLLJl j-f^? qjj ; ^^I-^J 
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,JJi>J jl ^Jsj j£]y\ iLiJl j-g-^t-" j j-vaJ t3JU>Jl ^ijjiaJl jj^-vi . (TEM) 

^jLjJI **>lk> ^~>o Lo ULp aJI tlol J>\ oljJJl aj jjJ Lais' resolution 

M ^j^)!! SLLJI j! dJUi ^1 lJL>Aj XAji^ J^i Vjt 

^xJl all j ^ oj jj>tjJlj ( jJoJj>cJ| jl .IvsjI La J^jLa ~lJL ... \ \ ^m^j 

Ju-bC 1 .,h'\ kiLSL>j t 4_J^- tiL<-w»J Ljlip ^ ^la ^W,^ ^ \^j\x>-\ iiLSL>-> 

oljJJl 4j<jIj ijjjlj JlSLi! ^jjjSLJ 1 .,h<\ cJo>-jc-xIj .3 _ 1 J^SLtJl ^ 

jjCL^^i ^^-J' ^^-L cJlo-xjl^Ij .<LLx_<i oli W ( _ r L^ oLjjjiJl j! 
olj_JiLJlj <uj_j^Jl frL_owiS\Jl ^3 4jjj^j^>Jl 4_wo_L«Jl jv-^aLLoJI ^j/b *-> jLj^-Ij 

.0 j-jL«_*SvJI «b j*-L~ LJLW LJi>- <ja>h iS^ L-j jl olji 

o>Ljj^- j! olji j jSsj j! t jSLvj ^^l) o j^Jwiil s-L-i^l JJL a^-^j jjSCoj 

j»J t iS ^-<lo ^W.ul^i aip Lyo jj j\ slJlp LpoJU LJ ('J.^a*. < 

ojli^cS ^c—-LJl ^1 jJl J^>-xj ^jJL-JI LIS . , J I dJUi ^jIp Lpwij o^Lp^ 

s"j>^> ^JjJl pi a ■ ■ W" 3jLaj>Jlj . LJL>- 4jw2jj i— >l j-Jl y ^Li^Jl Aj^JU 
.4i^>^Jl oli jJlS 3jli>Jl J^k-«^ t *i ^Jl olijJaj ^ Ul .4i\yr 

JjLrJl oj jj>JL <U>t_^iL>Jl ol_~>t_oJl 4 W '"Ij-i ^yjr la ... 1 1 £^«^>cjJl l. a s^a 

^^jLp ^jili j jSsj j! LJlp iJkJis- i ji AjjjbJl iiliJl ^jSsls t tl^JJ 

j j-a jjJli ^j^j <f> ^> Ljl a -^*>Li j^Ju) 4 a>cJwa i— a_JlSLj ijjjLJl ( _^lJl 
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>LJ»Vl J-i^Vl ^ ('lithography i>y>^»Jl ipUaJl» ojL-p (^^j 

<LJL>Jl <Lo j-^L>Jl ^jl^-iJl ^Jw» (jLajeLxiN I 4_*jLlJI Jpl ^JaJl jl«jj<J t ^Jl jJl 
j»j c ioLw«-«S' Jpl jJaj ^j—^Jj ^Li 1 g J (_r^^ 4_J_^™1| tLi^i^L it-LiaJl i _ 5 J^' 

.oLvaJl oUa o-aJ 1 ^^Lp 4j^j^>JI <LiLLll> it-LkU J^jLLa 

^^L) I Q» ./? II jj-a iJJj t jZ-a jjL 400 jV^P (J-*-* ^ * J ■ /? II IJlA j_a J jja 

.US 

oL^LLoJl 5_J j .,h 11 . W ll tl y>-y oLjlaJ <l«J t dUi 
(_5j ji^jl dJLJL ipUaJl ^yt oi y>-j 4jaL~j JjI ^JaJl dilj j£\ (^-A^Jj .5 ^JwaJl 
George ^juL^jljI j ^jj-j- *^jl Laj^Js t microimprint lithography 

jv^jiJl J^j'-S' iijjJaJl oJla J^>-j<-j .ijlijLA 4_x_aL>- ^ <Jl<>-p ^ ji j Whitesides 

^Ja— < _ 5 Jlp J^SLlJl jjb>4 .-bj-Jl k— jLSLa ^ ">L*j<JL™^ Jlj L> ^JJl ^ylaLk-o ll 
j j_Sv_J_~Jl ^J_v2-J ^yJgl la a 4_wJi j_o_J J_J 5jl_>tJl oj_A ^gJgl B a 

^jJlp j~>JI jyj -(J-ij^r ^Ua-a-ll ^W,.,ll JajJ j»j i (^^5^1 j 
jl ~L^S\ jl j^>_Jjj jl OJjcoj jl tJbjJl i jLSLs (jljj^l" 1 J^LoJloJl ... ll 

oLjJL~<Jl lLL«JI jj .^Ls^Jl 5j-J> ygJl j»lxj~^M y>-\ .i (_gl 
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oL™>^Jl ^ <.(jj>yV> 1000) L $ Jj SU>\ JLJI Ji cJu-p ciAxJl 

^JsUJl jjLiJL Jjjfcll ipUaJl 

4-plJaJl oJl?-1 jJj .4_JLLj <L>jJU U*>\J! J^-*-* ° _j-«Jl j-f^" cr"JJJ <-*' 

( _ r JaJtj JJl j»J_dJl ^ L^wl dip pen nanolithography ( _ r JsUJl ^JLiJL; i>jjUl 

jU>j_J hJS yi k. alr.a Jl *j->Jl j c ^j-JsUJl jJlaJLj ipLkJl !JL_a 3 _ 4 JSLiJl 
oJl^j 4-g-l . W IL is- j : ^2 <Jl ijjJLJl ( _ 5 ^Jl (j-* a^Ij j_a 1 _ 4 J^SLiJl ^L-aJl 

^ ( cJCjy^- j\ Olji) « L)lji- -*-5rjJ ipUaJl ^» ( JL» ^ .SjLjaJl 





S^l&l i»jJai-l .^JpUJI jJLaJL ioLkJl : 3 _ 4 J5LL1I 

.Mirkin Group, Northwestern University '. _Uj Sj j^aJl x5l 
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V^j> yp^>\ SJjJLp t j jj j jj ixjiU- ^ »j*>l>ijj Chad Mirkin 

^pJaliJl j*-LaJL AjjjUI if-UaJl JUjC-^I ^.W:..,'? tili-iS .Ljj^j ^W,^ ^^jJlp 
j^3fu> i_r°J JJ * LaJ_JL*Jj Lg-L ./?LaJ j la '. 1 1 ^Jq a * Lo ^JLj 4_Jj ./> I 

^j-JsUJl jv-LaJL; 4jjJLJI ipLJaJl Jj<->^ Li IJlaj . JjIjjJI SJl^—* "Lj-jJl ° 

^pl JaJLi iijLLo lSj-^JI j-^ ■lJj-'LJI j»JL>JJ li*>L>- tiJUij t L^Jl 

. Nanolnk AlJiLJl 

.<»jl>jl™oJ| * j SI jj> J jJs> t j-p L^JL^ULi JJLi jLSLji! ^j^J ( _ s Jlc- L^jjJLLo 
(_p * j-^=> j»lJjk^L JuaJI IJla ^jJlp i_jLiJVl Ijl^qJI y LuSLoj dUS ^j>j 

J^pLLi lS-^Jj i^i ij^~°-t J ^-sLla lI-LLloj i>-j^Jl j . ./> all frj ili 

•y> ^Jb oLj ^lSJVI JL>-j<jl^I iLSLL<Jl jjL>J ^ jJ^I ZJujls 2uJ 

^. yg 1 E-beam lithography a-Jj^SLJ^I oj^JL ipLiaJl JU>j<jl^I ^1 o-j.^ll 

4^j^JL 4^1. kJL Laj_^ j . Jai 4 _ 4 JSLiJl .iUo'Vl JjjJIjJI < _ 5 j^J1 

(_J ji oJLL«_aJl «LJ_Jlj .^j-j*)^! ijjjL iS*>L>i! t_>Lrf5 (_g y>- <L~J>- C iJj ySLi^/l 

oLij ySLiNl is-LvS 1 kJ>j jZ£J>y\ iaJj>JLj is-LkJJ oLLJaJ 

j j^s j jjli ( _ ? Lp «-L5j*>U J^^^Jl Jb>-! j~j<j 1 iJL>Jl ^SsaJI 

.LjLgJ L^™ij ^LLJl ^jLp jujoJ ^jJl _pJl ( _^i> ^ij j! *>L«-li 
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SJ j i«_>i-L ipLklb Lc^j jLJaS : 4 _ 4 JiLiJI 

. Dekker Group, Delft Institute of Technology '. iasl j-a _Uj 3j j^aJl O—iil 

lilj ol j-S' c~~j 0 J^S 1 g . 9 JaL>cj <wsl jjLa it- j^p^^i oJj.S' jaLS^Li 

j^Ji t ^jJJl ^P O-PjJ jvJ t^^i-pl ^j-o ^-JLi ol j^Jl t j_a <t a . a ./? ll oJlA 0-lU» 
i_Jl ^ ^jili-" J^-* 1 isLiJ ^yi 4_P j-o->^ J^-"- 1 ,,5^ **>UaJl 

^liJl LjJU ol jijl oJlS' lilj .(5 _ 4 JSLiJl ^1) Ji-lJ-Jl j->^ 3->l^ 

jli dLj 4-P •/? ^ 4 ./? all jJL*-a UsLaJ 5 _ 4 J^SLiJl 

ipLkll 4~JjJl oJla ^^-j .bj^yjy *jw\j>- ^ RickVanDuyne ^jj^ 
oLw oJU<_; a ./? : J ^j-* j . nanosphere lift off lithography 4_>jJl_Jl ol^-SDl 

(_jJ-P 1_J->»J— ~J (oljJJj>Jl) **>UaJl ya oULja aXs- jj ySv-a-jj t (olL>J->- 

J j! ^^11 ^jJLj ipLiaJl oJla j! j-a ^LfJl ^^j-lJlj .olilL«Jl 

oL«-iv? j . ./?->cj yi (j-Sv-o-j IJlaj t , Jl ( _ 5 A-p ajjJLJI ol j5\Jl ya j-iS' ^-J>j 
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i j$ }\ JJiLi . 1 




1^.5 




0=8^-4 



— *** 



Sj^UI ol j&\ £^>L ifrUaJLl ^J*^* y : 5 _ 4 JiwJl 

Van Duyne Group, Northwestern University '. iuil Jju oj j^aJI tf\ 



oLj 



JL>_pI ( \j j_JlS\J| 4_«Jj . IJuj- <W?L>- 4 . a . . laj oLLiJ jl iOju ^^q-Lp ^jJL^J 
olw ^y&j c Viagra I ^LiJlj Taxol J S'LJlj Lipitor j^-JJlj ^Jl™xJI 



jsLoJlaI i ^jL>- - j»L-o 1 Sju^Ij S jkv ,jJL>t-> *(_£jj>- 1 j! t Lo .u 

jJL) LAjI p 7 ^ > tjl iw^>o 4^5* jjj <LjL-q-sS\J| £^Jj>iJ| <_^ : 'l ^XjJj>cJ| i^^S* 

JbjJjJl oLjLiJ ^j^ajo t j-o .,h~3 t JlLoJl J^—" <_s-Lc -L^-jL^jj (_£.iL»Jl <LjJLJl ( _ r ; -Jl 
^Jl ji L^j«iij *-ljjJl ^ 4 W ,t j ^_^sL_p jli-l Lb^ Lai jj i_i j—j ^jJl tljjJL 

JjtjlJj >( _Lj jj-o Lgjl __^-l j»J ~>Jl ^j-a ,jiaL>i j^-*J LgJu«j>J ^LL^Jl <Lj-)L 

N .iSLriUl k_Jli ^ j»*>LgJl ji>o Lj? S-ijjjJl i*S jiil ^ frljjJl jj-i^ i— villi 
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.^aix-i <t>Jlx^J c_«Ajt«Jl e-ljjJl 
CjLJ-Aj jv-li^s ^3 <J-$l*Zwfl 

^^jJl jJbJl ^wU^Jl JjI lS-^I j-* self-assembly ^IJUI £^>^\ jl 
( jvajjJ^! LoJta ^y"— j oljjj^Jl jl ^ ^y'-^' ^r*^-^' ° _r^J ■^■i J^*-^ 
jli ttiJUi J-i^ JsLJjNl 015 ISli .LgJ iiUs ^ jJL™« 

L> j ili idJJi (Ji>cj L> g . » ./> j_« oL>cj1 j^J«j jlS' lijj . jUajljjj ^yJjjj^Jl 

Jl>- ^il J>\ U^iLW ,j^Jl4J ^1 

ilplaJl (_5j-«Jl ^ jU j jJ j5 jjJUiJ Liijj .isLkJl ^ (5j-=^l £jj->' 5 " 

Lj JU^-j t jJl ^j-o iJw Lj oL&L>cJ^/ I ^_^<>_?- c^->- _jJj Lg-jj-;J j\? -,h\ 

CjIj j5LJI J-x-^ o ^So ^yl^- P j-i> (_5^-^ ^-^>cjJl oLxijj .Lx-Ja 4jutflj t dJJi 
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olj_jLJl l jj> «* a .«.,<■? 11 i Jl jjfJl JJlo-j ^ j * .L>t^ oljjjjJl ^«^>cj 4 W il jJl 

«-(_£J->- ^ ^j^-jjJL^Jl oji t «LJL^>-jjJL^Jl Jajlj ^JL oL>..,~<Jl t 4jLo» ^aJl olj-jLJl 
j! jj-^ oljJJj>cJl ^LoJj tjjL>c_aJl s-(_£J->cJ| t j-~Px-™51 oji JuL^Jl e-LoJl 

LsAjI A^s-jjJl^Jl Jajlj jJl -1pL~jj .is jjjl ojl y- X>-ji X*S- i\j> jU>o ^\ J ^p^Ju 

^jJl cLoJl jjj^Jl J^pLLi t <S 4j3-^*-J> 5Jil_jLa oIj-jLj <l«Jj 

oMpLiJI J./?->J .<<_.. Wall SiJju» 0*>U-LiJlj t <l>Ja^ ^jJlp j-aiaj ^Z—j^J 1 Jj<->^ 
L^Jj t 4_jLv5 <c_>c_j; 1 g . a ii jj>t-L>i ^yij ^j-o <t . . W a ll oiJLxJLa 

U! .(oJUJLi iJ jJ 3 jJL <ui yyis j*^ jj J r^l j l£-^1 jj _y^J^/LS' c~~J 

... 1 1 (_5J-p objj^- j! oljS (_g jJbJl «-lUl ^-sAj t^ljJl ^~«j>cJl ^ 
*M\ 

Oj-^S\J| ^5-* ^wo^cJl jj-^ I Ji_^J <U> ■ la «Jl Lilj^Jl iS-^^lj .ijj-««-sfi 

£j ./> \ ^c^-j'i/l ^J^s- 4J ./? a-<Jl iAj^JaJl jj^j t— s > ^ylj-jl ^«^>cJl jl .( ( _ r -islJ<Jl 

4_J|JJ| ( _ f xJU .oLjj j^SJ^I ol a ; . Wt ^Jlp ^liJl ^wo->Jl j ./>: a^ 

ur Aj«j 6 _ 4 J^SLiJl ti^j .LiL>- jl N jJl^ j\ 11^^ jl Lllj L» ^ J-«->- 
ijuU- ^jJ Sam Stupp j-jLi^ ^li-Jl ^s- Xj, : la «Jl iJLLaVl 

<LJwJl t 4-Jl ■ ^fl all i JljJJl ^o^»J t oJLfljtj JljjJa oL5jJj>J ^ylJJl ^~aJ>tlJl ^IXj 

^Ja— 1 fr*>Ua ^jjj^cl Ljli kiJJu ijjjbJl £-«-><^J -jW alL 4 g . . .t ll ijjjLJl 

! (*LJJ LLJI) pUJI LiL> jJ^_ ^L^Jl J**^ 
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.Ol jjai- ^>j>^>. ^-^l ^^S^' JLojCU-L 




. Stupp Group, Northwestern University '. aJUI y Jju <jj j 
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. *ljl>^>- oj^Ij j^*-Jl) ^5\«Jl o^£jj t ^j^jLi oj^Ij (p^j^^-vaJl 

silicon boules jjiLLJl » Jl jl .35-iJl j! to^JwJl SjjJlJI isUJl ^L^jJ 

Charles j^J jJjLU J^)-j<jl^I Jlii .iijJLa j^J- ^LSLi! -LwlJ oIjjJlJI J^"-^- 
Ijjju o ^ULjl ijjJLj oljjJu ijLijLa 4j<_aL>- <clp Lieber 
oLS^^Jj c tilL-Jl 4jLiJ <JbjJ» AjiL^-l oljjJu ^j^s ii j^s» OjjjS i_~olj > y 

1. a ■/y'o . 0 j-5n-J-**J 15* oIjjJ-Jj t ^j-JLkJl ^J-**-^^ -LoL-- j_3 ^j-a 

^L^S" J^\j^u (7 _ 4 JSLiJl ^ Ujl^I) LjJUI i3!jL-S/l diL" 




jjJUl .jLjl jl* jLi^iU jli^L- : 7 _ 4 Jiwll 



. Yang Group, University of California at Berkeley '. y Jl*j ojj^aJl 
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oj o*>L5LijLi j j^uJ jlj t cjIjJJI -^l j-Ii >~_aJ Lxj jl ^jSIojj 

«ljjiJ 3 j^JlJIj .(ol j-i j_«Jl) 5j . » ./> \ \ *_jjjj>Jl oIji^-jJI ^j-u iajlj jJl 

j jJlS\JIj ^jJlJJ j-JIj jrO""" J j-^l ' '■ ■," 'I cJ\ ^o-J jJl jl 

^>-ji <_5^- t ' ' LJ—J— ~j j-^"^ j-* j-> bg_j >— slvaj (_s~^ ' j*-^* 11 --^! o j^JlJIj 
Robert jJ<j_™jJ cj jj-^ 3 -^j . <cJ*j<_<i 4-Lw«_^- *L~J 4_w«_ft > iM ^ 
Ljj ^JaULa Jpl jis ^ iL~L- j jl^ jjj y 4_*_ab>- ^ 4j*>\j5j Letsinger 

iJL^Nl i<J^Jl (^y^j .oligonucleotides olJiJjJiS\Jjj»Jjl 

^o-JjJlj tolJlP-j oJU- j^jJ^Jj^Ij toJj»-lj SJb~j j^jjj^jl Jioj) «iU" oligo 

iJL»-S' o*>lt-Lij <L~>Jl o^^L ( _ s JLw«j Lo Jwojc—Jj .(olJb^jJl ^ I ^5 
^jii .ljL*-I Sjl*J i^a-aVl iJLp ^jJlp UjJI J^-*>L^ 

SJ-jJ->- 4_> y->~ ^*-> j-5sjj ^J^j^^L^JI oj_A ^Lo-*JL*~J> <CL)*Xj>cJ| 4_> j-^j>cJ| 4jLfljJl 

Oj-^lS" JJJ-^>- j-^^ c j-?^^ LjJul ^r* Jli 

^j-a <l!_«J-^ JLo-*jl^L> p j-^Jl (J lJ "^-*~' j ,k 1 y> w o ll ^j_ojj_-Jl lLU^ 

oIjloJlS'jJjJ^Jj^ I j; .,^->c^J ijw^^Jl o^Ml Ju«_*jl™jj t i-jLwo^Jl o*>Vp-Lii]| 

^j-jj jJl ^lli^ ijj j~*J>\ oJb 4Ju>jC™« jj j>J>\ IJjJl JuJbcJ 5j jJJa^iJl 3j ■ all 
.4^3 iw^P ^j-Jjjj CjU-Jj ^J^sl^s P-L^j| LA^P ^5Lo-) l-XAj I jJ«l2_oJl 

oJla 8 _ 4 JSLiJl jjl^j .ji^l lP^I L'- 5 -^j-^ ti- 5 ^' ^ -^j-* 1 Utj* -^Hjd 
^jIjjl; A UjJI ,j>"L-I jl j^Ju .hybridization ^j^iJLj oLL~^Jl ojj^™JI 
^k^_ t8 _ 4 JSLiJl ^ .C ^ Uila ^jlj^. G tJt .\Jti\ jlj tT ^ Uilj 
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ol a . . kill ^y> j*t£ <uJj . y>Scj L'ilixJl Jj<-=>j UjJl i_4pL/iXj ! <b» ■ ■ Wll 

.(_£jJbJl jvJuJl ^ aLojc™<JI jv-*ji<JI ^jSjjjJl ^J^jcJI IJl^J yJl 




Jul jdl j! jSUj Ala^Vl 



. Mirkin Group, Northwestern University '. iisl y» Jaj i 



Jb^ L5 lil 



t Richard Smally ^ ijLlijj jJLa jJ j .SJu-lj ijJU ill N tSaUJl 
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i-^bJl oM^I jl t^Ul JuJl ^ aJu^- yp 1996 »LJ 5jJU- JL ^Ul 

*LJ j_jJu 19 ^ Jvaj Lo Jl ^bxj 
23 L^-oj Jj 6 jj>o <5jL~j J^-2Jl l-i-* J 0I3.UI iJLp jV <. (_Sj-=^l 

tiUi c - ^^ jL?Li e-LoJL <cJjLo_a i 4JL*Jl« j»_>cj»c5' ojJJl j*-?'^ o\S j-J -I 

.J_£.>LgJl Jaj>^<JI ^>t>cS' ol5-iil y iJbJl 

LJ_«_p ^ ^1 jJj ^Li ii^L^ ^-iU-il ia-j>^Jl *J^= jl 

^3 oj^ j j~La (J-L*-o-> ^-w^j>tjJlj y*~l <U>^^>- coLj s-Lo 4^Lo-P L^JjLaj 

*L_J Jl jjJl I jjt^i 17 1 g . q-j Jj 6 jj>cj (_5jL~J 5jUj 1 .,h i\ ^jjc^ iJliJl 
oL^ jJJ ^ jJjJl JL5I jl iLjULjl J^-~- ( _ 5 Jlp ji'Ju) oJLi^Jl ibLJl ya AJub^ 
jj^o -ii .(oljNjjJl ya I jjtvs 12 1 g '■ . q-j Jj 6 LJL>- (_gjL™j oJL»tJl«JI 
^j^.-j) ^ULoJl ajj-jU oIjjjjj OjHs^j yj-Ul tilxJj'y La ju- Jj \\j o IJla 

.LjjUl ^yJl Jip i<>_™^- ilj^ ^-yaJ oJLpIj JilJb <uj jl ioIpLJI 

.oLi j-SLoJl oljjj->- ya ij^S c-Lli obJj ioLc- <Lj_>LJI (_y~Jl '■Lo I-^l*j 
dJJu j j-So tUL^Ij .ajjJLj jJ<_J a^ 3 - 9 I g *' J^ ^L^JJl liiij J^icj ^Ss^jj 
ic- j_«_>c_«J l. a Jut-LiJl Jwoj«jl™j t *>LU_s .<LoLp Sj-Jw? ob_>y- oUj^LoJl 

aJsjI 4jLvS^/ <U> b"'. a ULc- oj-^J ■ " ^^r^^^ 

iL^Is 51™L- ^jXxJ ((oLSCl)) iJiS' j . alkane thiol jl£J^I oLojAJl 
^^-jkJJl ... It; (LJlS Ja-J ^jdl <Ll$jJl ^ji ^ j-<Jl O-jj-SJl 

ijlj t oljJLajjU <U» .,h 1 4 a . W ll iS'La—^ il) j-So jl ySLojj .o-^-lj "Li—Is ^jjj-^sjJ 

toil ^ij ol3i ,_5~j ^ <_5-*j -1-^ ilHj^-r^ ^' j-^"*^' LaIJj<_; jj-SLj 
* ll JLaJ .i_^aJJI ^cJa— ^s-^*" jZ-t (_r^' d) LSsJ V I c^j-J5 oIjjj^- 

,1 ^jJlp 1 _ 1 J^SLiJl jj^Jl 4jjJl_Jl 4JL4JJ ji]| SjiL-aJL ^yjLiJl 

.Aj^jlj ^y\j ^wo->clJ l-^->~ *A_pxJ I ^LjJJj>cJl 4^Ju frU-Jl CjL^J ^jj3-^j ^Lo-*JL-^o 

^yJl) carbon nanotubes iijjljjl jj^yxJl t_-oUI (^^I—j L« ajjJUI ^1S\ dJUu 
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Sj^UI jLviiJlj ( yS j!h ^j, Sumio Iijima l*~r«jl \j^jJzs>- ^y> Jj! jlS 

j^Lx^Jl j! t^jj-Vl JJI jjJl > al ^ il j! jj-£J—Jl «j ./? " ^^Jl nanorods 

^^jJlp i_«Ju Lq_l^~ L^_j *y I j-iS' L^j jJbJl ^LoJlp .^L>-jl]I ZJ>~ di— i jl ^ 

5jl?-Ij o^ivs aJIj W 1 iS'Lo^ j j5o L^-ilpj .AjjJbJl jjjj5\Jl iiUj 



j^JKJJ .jl-U>cJI <LOU>-l 




jl-bU t£y\j ^Jij^ '— ' Jt" : 9 - 4 JiLiil 

Smalley Group, Rice University. '. <U3l j^o Jaj Sj c~~~X3i 

jl VI tijjix<Jl (_jjJLJl i—jj-j'ill ijbL<J LaLoJ ajLji <u\jjJuij «uJ (j—J 
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c_ a-Jj o j jJaJLi ( JJj«j jj-S^-o-J ol^jJLiJl ^^ixJ Laijj .Jo j->Jl (J^p ^V _j-aJ I 
jMl ^J^~ J-S^J (J 1-^1 jl tjLJ^M a yj» y ^ijl AjjJUI k_~jL^/l 

j^tf-»jj|jJL^Jl ^s>- ^jj>j^l\ JaJ^oj j! ^j^Lo-j Jb>-I jJl i > jl 4 j_wo^>cjJl 

^j^M ^Ai,* j ^ y ^1 ^^vij^ll ^>Jl AJliJl iiJaJl) stratosphere 
.^IJJI [ jXj>^j 4J!j ( u J>j^\ .» J I ^ j-L^ 48j 19 b> Jl 
^^Jl ilj^Jl jjlo! c~~J 5jjJ1_JI k_~->UVl j! jjUl *LJlp ^5 

^L5C«^ ^Jl IJla ^ ^1 AjJsliJl jL*JI jl .JMlaNl ^Jlp 1$jc^ ^SU^Jl 
*L> (_5l tiijJl ijJL; J^Lkj 4--X^Jl J^oj iijjLJl <bliJl j^/ jNl 

^3 Lo.S' 0>L^^>Jl 5j~5' 'Lj' jA i\ y ^j-a N-Jb (_g j->"l jJ-J j»_w<>~s<2jj I 

iiJi^ ^ Jo <. .kii Ajji LjjLlI i_~jUVI C~~J .i_~l>Jl CjliJaj tU-«--Nl 
JL*3 oij^-j^i t jjj^^SvJl t_sl_Jl L^_aj i ^^J^^M jjjj^sJl £-jjJlj .1 ./? jl 4-x-Jsj 

j! Jlj aJLp jS ^jS- *>UAi tijjjUl i^jU^I ^jJlp LJl^ J_j-^>Jl 

l$jt '^^1 viiL" oUli^l ^ LIS' juii>J M ^Ul Jlp ^ 

k-tjiiVi l^Jlp (^^kj "o^^j^Ji oULi^);i j\ oiN 

J*>Lj^ (V»j j j-Ssj jl (j-^-o-j a-jLij-^-SvJI 1 g 4? I jJ>- jl VI tijjJLJl 

jl ^SUj o>U j ^^JNl jL _jJLJl *UJlp _^Ul i_j jJ^I J^-i ^1 ^kJl 
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(■\ ,/> (_£ y>- LjJL^Pj .IxL* 4jL^5jj JjL-^Ij ^jJlp^I ^jJJ i_j j^j^l ^ JjLiJ 

jiLUl JJUl iljJL- c^LL^ t-^oU^I jl *U_L*Jl jl^j dDi 

LgJ! bjy^\ ^->-jj .4_«jLi_a jji *L>j-$SL!>\ SJJLi tL-j^JLJ superconductor 
j! W : ... " LgJj <LJL>Jl cjLjJijJl J jJU j . J^I^jJI >_ il yg il iS jJ_~- o-SlL^ 
k_~jtf!AJ aJLSjJI i™jJl 1 Jls- f-bj tJiljJl ^iL^I j! 4i5laJl JiljJlS ^i^va^j 

ij^jUl iw^U^I ^-o->- ^w^aJ ^ .(doping i)Li^/l ^-Aj iJu^ ^y) i_~jUVI 
i^-AJl LS I_ J - .UajJ 

t Ajj j^L«J| ^jI j-JLJ| ^j-a 4_Jj La ^ **-°Jj-"-^^ OLj j-S\_«J| ^j-o 

jS\ jjL>cJ 4j jjw 4_JL5La| ji jJ 4_JjLJ| iajLill o*>L-/s _yJl oj-Soj 

jv->-LJl ^jl ^>Jl jujuJI t <UL>Jl ^ejI ^-iJl ^0 ./?" ^ (jJ-«Jl j-sl ./? a 
i>jJLJl iw^U^I ^ ti^Jl .SJjl*_JI £5">L-S!l ^ oUj^S^JNI jiJu 

Phaedon ( _ r jjjil jj-J-j ic- j^>jc*^> Jwo-xjl^-I Jij .L^JU^wa 

oli jjJL— jJl ./? 1 ^jj-iLj t_~_)LJ\ *>b«J IBM ii'j.^Jl (_5jJ Avouris 

^jjUl ^«Jl«JI ^ iijJl«Jl Oljil 

j^j j^Jl ^iUu ^jt>\ js>- aIaLsj AjjjU jj> ^j^j «ui»S' jv-^s Lsl .5j~S' «uijj^>- 
^ il j^Jl dJJcuJ iijLJl J jwaiJl ^ oUjJil UJ liijj .jjUl jJlp ^ ,^^5 j>i 
jvJu»Jl ^ oi j^- j^jl il j^jl { ys\ y>- iJi^Zs-^ ialj y>- ^ jjUl jv-JuJl 

olj^kJjJlj jiljt<jl J^J y ^1 4j<J-j_J| ^yUJl jl (ik^Jl oljUJl) (^j-ill 
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iSjL-JL i^UJl JL»-JL»1]| jLSolj t^jJaJlj i^-j&LLJl jLSo^lj .oLSwil^-^Jlj 

• <£ y^\ 

J-^jUI UU^S ^1 dlL" ^ iJu^Jl olS hjAjj>J\ jLSoSfl Lol 
iSj_L~Jl jlpIjJj t j jJ jJs jjjLij iJ^LjLaJl LjLjj^-SUI ol^-JLJl itiJliJl 

IjLp-Ij <iJIJL>JI <LjJ>«JI ^^xJIj j™JJ ^ j^SvJl ti-LjL$L<Jl JU>jc-xI (Ills' Jij 
^J-Lo-jj .(^^l_«Jl lLLjLSwoJI ^y^> <uLL>j Lg_>-j^ t3j_«5' 

,jSC«j 1 g'. d t (_5jJbJl J I ^ o ./? jl Jpl ^y> iiL jja 4_u j-^L>Jl oljluJl 

.j»L^J^/lj 5 j^>Jlj ( j»Jl>cJl ^ L^>-j>s oJjli J^S\ o jSsJ j! 
> > j~-l>sJl aJLpL«t ^ j ^jjUJl ^ o 

complementary metal oxide semiconductor (CMOS) (^^a^) jJb«^Jl JL—SI 

Jlj L. ^JJi ^.j .fjl 0 i-L>^" ^1 Cj\ jLJl dl jJl^ c^L^ y y* 
<j jj^A/aJ I Jj-LJu 10 _ 4 Jl^xJI <uLwoJl LiillS' -L-ixjJ I oJjJ-Ji ( j» o 
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.ILL- 




. fflA/ ^y* Tom Way aJu! j-a _bu 
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I SA*L~*o ^J-^dJ U^U^ 



<b jS^s ilJLf-l ^-^T (Jli«-!l (J^r—" ^-~i--^ >c -^ OiL>cJlj<_oJl » . ^..."j .l_LJL*j 

i_™-ljj>Jl j! (_s-3 toJ^lj 3 j W-kj (aj^JLp 19 ,y> Lj 64 

jv-paJj Jjli» d>*>C yo Jif) Ja_Is oLj 8 _> J^>-*J oJl5 ^ jS/l 

oL>JIx_qJI j! ^^-f-j Ij-Aj .JL>_*jl~^I olp 4^>_Jlj<J 100 jj>J ^^Jlp j» j-^^-j 
SJJLx_<j CjL«_Jlj<J ^jJlpj CjU j-S\_»JI ^j— j!>Lo 1 _ 5 -1-p (_g jJL>tJ j! t_ ->t-> iLjJL>Jl 
di-Ju jLjwi ( _ r ~5L«_>j .(pipeline ijl j_oJl SiLp ^j-^-^j) J^Jj ^ I a W ./? a 
j! jv-p .ol -LJL«_iJlj ol_o-L-ijJlj o>L>t_J!jjJl ya < 20 oL>JLx_«Jl 
jli S . . \}~,\\ ^y> ^JlSsJ LjL>cj «L>t^-Lj j j^J j— ^ «lJjjj>JI oLjj ^iSvJ^s/I 
cj! j < g ~>cj tj tjl <-£ ^r^**"^-^-^^ J ^j-^ \ 

oLJ-o^- £j,h i -LoijJ ( _ 5 -Lp Ij^Lsj l-i-=>- 1 W . . - 1 jj-S^-j lJ j-x 4_jjj_>cJ1 ((ijjJbJl 
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e-Lo *LoL-5o o^^>c_i -L^>-j i J w<> ~-^ ^ (> -^ c - d j-* *^ .Ji-jtj 

i_~>o .^j-L™i<Jl ^j-jkj^ixjl j! t J jNjJlj isjj^ll ij^-jj i ^J^L«JJ 

_pJl ^S^mJI ^ jlS liU . J^Jl ^Jlf- *UiilJ or Ji*Jl 4~JLiJl j~*Xi 

swarm i^j-Ul i^^Jl j! 1 amorphous computing a^JI i*jJLp i-— ^>JL 
l1^>cJI IJla jl ^-a j .olj-l^Jl jlji^ ( _ 5 Jlp J-o-*j Lfj^ tcomputing 

j! «lJjjj>cJI «l«»jj>cJJ L>-LoLa Oj-So j! 4j«^x jj (j Ls 1 1 j ■>- LjjjU UJlp 
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80 2sS M\ Sl^Jl 

81 otl^Ul 

83 ^UJI 

84 U^y^j ^iky^j JsiiJi 

85 olij^aJl 

94 JaiUJI 

95 £l*aJl 

96 oL]jy£))ll 

97 s > j j^JVI 

97 5^-13 
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oL*_aL>Jl ^ La j_«_p j_qJo (_j jJLJl j»-LxJJ j51 y> tLiJj t (_g Jji 

^ J^SLi~J jl ,j^>_i j-SLlI <Ll _^><Jl La! .^jjJLJI ilLiJlj jv-LxJl <L™ j-Jl 
(_£ <_^-ll o ^ Laj^ 1 LuSLi t j»JL«Jl ^ 5 ^J^Jl j51 ^<Jl 
jj^j c OjZi** jjj jj 4^>sL>- ^3 ^XjJj>JI JJl ^^jj>tiJlj ^ jjLJI ^J«/aiJl y 
l^r^J ■^c^r' 1 ^' ioL>jNl 4>ij5^>Jl <dj^>J ^jjUl iiLaJlj jJuJJ jiy Jjl 
4_wojiLS'!j <l^pL_^2j j^>- jjLix^j ^3 (jLj->cj ^j-ojjLJI iiLiJlj jv-L«Jl jl 
d\j*z><^>S\ l _jJz-*-> ^ 0L43 j5 Lvkj! 4J j^Jl oJla ^j^vii' ^—i j-~> jvJLxJl s-L>cj! ( _ 5 ^-*' 

a^jJI SI ^11 

^3 *Lwo_^Jl jv—J j-» Michael Wasielewski ^^SL-^Jujli J^oL* jl 

oJ_p ^vi-al -Lsj c 4JLJLS\JL |* j-pL$L^ ^j-a ^j-l^l j-^j •0j^***> j-jj 4_x^oL>- 
Argonne National Laboratory j_«Jl j j-pjl j-»L>^ ,_£jJ J^ojJI ol 

< " g j ^^lll 4~™jjJl 0-=t-Jl oMLy . j^L^^JjjJ 4j<_>iL>- JULuNl Jl-J 

iJj^x$L!j oL>^i ( _ ? Lp iJLix^^l oJla (_5^>J . photorefractive polymers 

L)l ( j-5L<i-) code jLa ^Jl Lp jj j_>=_*i^iJl oL<i-«^>cJl LiUJ j- 3 ( J k ^*- ) 

ajLS'j jJ-o-^j «lL><j>o j>s j^>JI j^>J jJl ( _ ? Lp "UiL^-a l)I jJI oli «-l j-vil W . 1 ■ .. ~. > Ij-i; 

ol jJl Jb<Jj .jj-LuJl ( J^>jcl>~<JI ^yil . .,h all jLa jJI ^ij^ 
oLa jJm^JJ L)j>- olj;^^ L^jiva "U^a^I iJLp ( _cJ LP * 0 j-^L5\Jl 

.3 ^LoJl ^ W. i^<Jl jjjJl Jwi3l I iiliS' oli 

lj! ( _ 5 Jlp jjUl jv-Lp ^ K^LjS'S 5iU» la ,,^> <Jl Jjbj .(_5 jJLJl j^Jl^JI ^ ijS'JJl 
'uS'JJl i\ j^li LL^I t j^Lojj .oiJb>t^i <u-g_a aj^LJ <_5 jjLJl j»_L-JI ^ ^jll^j 5jL« 
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oijJl « la LiU-s jj-Svj t5-i-Ji ' jjUl < _ s j i JLJ i oljL— Jl ^L=rj ^-^SL^LjjJl 

^j-a 4-J j_o-*zJl -L)J_^-j ■^S'jJl ^Ij-oJl ^J-*^2 j-a [ ^>oL~Jl 6 \ \ j^SL^-i 

*Lo! Jwo-f- -iij t j jJUx jJj jj 4j«jjL>- *L^>_S\Jl Joe Hupp J_~a j^- j»-L*j 
<loLoJlaI o^L^-a jLSj .*_jL-JLJL) j*_*_a_>ij ^jty j ^jjiiaLpj (_£.>Laj 1? . .t I 

^yS\ JS>- (JLojC—jI ^a oL~>cj jjjlzi O-A LgJ JjL>o I Jpl jJaJl (^-A^-jj 

jJj .L^w« Iji^Ij 1,5 J^Sv-JlJI i~JJu<_«Jl oLxj ^^Jl LaL^_»ij 

analyte SJULs-wJl ^^j^—J «ULlj<_a oLXjJ^- ^i^j<JuJ oL*_i ^^Jl d-Uj 
iaLlSLJ j j-$o o_^>u <lJjj^>JI oLj«_i j_«Jl jv-wo-vajoj . (1 g I . L>ilj ^ j_p j_<>Jl 
^j-a iw~A ( j^L<>J ^uJ^-a *l^-j^u»a J^L^jIj (JLSw>I *lJjj^>cJ| oLjj^x5\J^ll 

^_jj^>Jl «-lJ^>- 4JJl>c_«JI j»jJ W "." '. *>LjjJU_™JI c-l-L>J <uLA>s c, ( _5-*' t}-^-' 11 ^ 

jl L^Lp 4 la a" Li j JJ^x^JI e-j_gJj>Jl ^^JJjJl ^.jj^jl ^j^jtXj LiJL^Pj .cULIj JjJL^tj 

Ja.j.L.,.JL< dUi Ji>^j c *>L»i J Ji JsLiJ^I jl Si ( _ 5 Jlp j^jj-sLs j j^J 

Cj'VL^i * j-^aJl jj^a isLW JJj>t^Jlj ^j^jl <lL«j>- ^aJU>Jj .^j^jl ^yLp * j-vi 
1 g ^al^J ( _ s ^jl oJj ( VO 1— Jlixio (^jlllix^i jji Jl jjal jl <LO.> jJ oNly) SU jJ 
jLf- <(j| _L>cj ( j - j>c_oJ| O-jlj \i\ «bl IJlAj .oJL^-j J^L>c_oJl jl oJb>-j ^j^_oJl 
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jiLuJU Sj-Vl S-£L)i-l j ' ^ j& ^U-^JI ^Ul JU : 1 _ 5 JiLiJl 



. Group, Northwestern University aJUI j-a .bu i 



Humphrey Davy ^j->_^ iS jj-k J-^i c IJ^J-^- ,j~J oLL>«Jl j» 



oL™^c_«Jl <U_alS' oJUJL>- obi Jj«j>iJ AjjjUI ijLiJl La! .jjLf- £_-xbjl 
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^ oJb^lj La-i^S c ioLxJl 1 f, .p\ ji~ ^jjj isUi>J t (_gjjbJl jt-L-Jl ^jS Cjwj 

.LjjbJl iiLidJ jJ| 4jjU>=JI oLLJaijl ^jl 
.-1211 

^jJ t_JaJlj Si j_<J| j»Jlpj ^L-o^SLil Sam Stupp L_^— j»L- (*-^ L *-d 
^3 d)L»^^ll jI j-^J j-^Jl f""^ ^y 1 ^^^ L^LjL— « iw^i*- « Liu -Lij ^Jj jj 

<bl ^ji] <tiLi>^ tj^LflJlj i_jliNLi ft " j ; J toUJ oJj»j i^jJb>cJj J-*J -j>-*J> <-^~ s J 
jt-^^liJ L-aj j-5La O^-*** jjjjj ^ l-L^jt-a ^r^J .A— Oj . ./? ) jjj ^LaJaJL j^r*" 



jJbJl jvJlp oLoLoJlaIj tL-^JjJl <Gjj>o oLoUjlaI Ju-Ij .L^JIjljw^I jl LfiJljl 
.ijj^s- ijj^S Jwf-LiJl j! t L«_j jJiLJl j! 4jj-^- ojjj«^ olS'L>c^ ^Jax™Jj 




Lili Jajiail c^aZJl ft-li«J ^«j>si!l Jfli ^J^jT i JLS : 2 _ 5 JbSLiJl 

^yj-jli-l ^k~Jl .Ml * ]i* II ^«~~! j j>5Cjj t S j. « ./ill 4*Zjj^A oU^5sil J^o 

. Stupp Group, Northwestern University '. iiul j^a Jju O—Isl 
^V. ./?] I jvJajJJ ^ylJJI £~«u>Jl ^ <LjjjLJ| <Ljj_*>J| <UlJ| 4JUL0I JlP-l ^^LaiJu 
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t<LaL*Jl ojjj_™Jl 2 _ 5 J^5\-JLll ^.vij-Jj .Ij-J^l l~ <LP j_o^>t_a <Gj^Ja (_jJJl 
t j_a .ioU-o^S Jajljj 2 W xil jj L*-a JajJl I g '■ J c-iJLo ( _ s Jl ^LoJj^Jl " •" _y 1 g ■'ij 
t j_a 1 g '. . ; La 4J.5LI/0 CjIj-jLo oLjj->t-Jl oJlA l».^"J t (_£ 4_^?-L) 

VI i(»Ul ^ ^kJl Jj^\ jd\ oljjtsJl jl> Jlp) U*iJl Jajlj^l 

jjj . 5j 1_>-=J I oJu& SJl j la .ul jjb t ^^JL-x-^ ,_LSL«i L*_a oLjj^JI ^_q^J L^Jl 
il) j&j LoLiJj ^^>nJu "da-a <UL> Jku I j~>- !)LoJ ti^>«J p )gju\ Cj\Zjy>- 0^<w5 
<LJo J^f- (j^-°-dJ •I-*-?" Lji p-lajtJl Jjt^J ^yi^o jJLaj ^a i_J jJJa^JI JlSLJLJI 

^_^>t_vaJl jl_JLj~NL) ^^f-U-oJl l)Lm«JVI jig?- £-a 4_iLsl jJLa <Lvsl jJLoJ I ol_ijjj>Jl 

^jdl oljJUl c oLojj>Jl j-a head groups ^l^-il oLpj-o^aJ 

UAjI 4_^>-jL>J| jjlll + o ■ • /? 11 < b «Jl k_JLiJ 4_^>-jL>Jl 4j«_9^JLJ| j j^o 

j jj>w» ( _5-^- t ' jL>-j-oJl jj-$Lo Lo.S' LgJ^p- Oj^ijL . . W ll ^Jajol c~^>u 

^IllLo j-& IJLaj .Lg-JJa ^p- ol ^-A j->wJl ^ ixJai ^^Lp i_~aJlJI j! j_jisLlJl 

oLLwJajJl jLi 4jjJ1_J| ^y^-JL; i^-L^o-a 4j_»-J>J| 4-SLL>_<JI j! ^jjj I jJijj 

jjjj jjLJl jv-LnJl J g .t. a ^^.a L^™jj \<-j>- J^-*J 4-wJaJl 4jj_^>J| QUI ./? 5" . I J 

0 j^i^Jl oVL^Jl ^jjfu ^^Lp I g ■ 5 Li 5JLo^-J 0 jjvoliil yfl all L^^S 

.ijJaJl 4j^~>Jl ^jjjUl iLixlJ 
.Ij—jj—j jljjJ 4jcaL>- (_^jJ ^J>\~o~S Michael Graetzel J^^^ J^oLa jl 

jjj .l-X>- JjL* i| -L*JJJ LoJ <1~jLq^>-j C 5j|Jl>- il ^>c^- <U>-~~JJ t C-iJ-a j-*— i J-*J 
^Lv^LicJl ijjjLJl ( _y^-Jl j^j W"j 4-~j|jij ^-1 jJL^V 4 . '. g aJ I <uL^ ^ \j^tS (j-^j-^ 

yfl 1 1 L*_oJL>t-<>J I jl I j\i ij .Lgjyj^jj LgJjj^j LgJj^>oj isUaJl JaliJL 
iaLkJl 3jbJ jU J-o-xJl ji'Lalj JjLuJl SJLLaJl ^ ibL* ^^LLa 

Jl^JL) j^- <tJ^>o (j^M ^-o— *o La jJaJ ^3 J^^aJL) jL>o| (Jjl i> _5L>tj 

j_a iiUaJl IsUjJV ^s-^-r^ 5 i^J->Jl oJu& ^yi J^-xjlLj . Graetzel cell 

aLJ isLW (_g^l™a ^Jj J^tXU t | j^>..,t..ll c- jwi *(_SJ-?=-ll ^y 2 -- 0 -; ■ ( j-~«-->i>-!l 

I ^jL\j £-Lv2-o oj^J-) ^j-a tj^SLa j^^jL >w^A-L) tjj 
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-Lxj <c_>t-JLJl i jji ; ./? ll *(_5jj>Jl ( _ 5 -a-tj) "Ly^r*^ j-g-Sv-il o*>LpLajJl 

j^><jo o>*>LpLadl dJUu .(^^LuJl Ju—Sl ^yLu p™^" ar'l oL^iJl 

oL«L«^>Jl ^jjlj-a o»Ui>^ Mjl J^Jji- L*>L>- cJujtl^il Jij .4^>-jL>- ^3 

l _ s i*i J Ji-J ^yJl i j^>JJ NlLo LgJl t Sjj^jj— Jl oU-LJIj 

olij 4 ./? j^j Oil 4 a . b I 4jLW jiLv2» jj-uo-JLJl * jwi JsliJ^/ LxJ I *L>ol 

I j >-Ll^ ' J \_> 7 LJL>- J™Jo Lj*>L>- OS-Las' jjL>tJLjj 

a )a «_a ^j-^ Lxj-^ ^jA>- j\ Lg_L»j>cj La IJlaj t 4j^j^>cJI <LiLiJl oLjlaJ JLoj<jl^iL 

.ijjJUJl ioj^i^SOl L">UJl 

JaLiJl {y> (_5jjL\Jl ^L™>Jl oC^./; i ijjs- £-xUl J^vajlil JJ-J-J 

t j_a JL^Ij jjb tj^aJl jl Jj \j b I j .AJ^cJLx-aj 4_LaJj ojlJw^J J jv-SL><JlIIj 

iLwo-A^I £_]!_; j^ojJLJl 4jl_ajJlj jv-LJl JL>^qJI IJla ^sj^j tiSLkJl j^l ./? a 

.SSLUl ^ JUJI oL-L^I J^=bdJ 

J Eastman Kodak iS^-^Jl (_gjJ ^Lwo^S j.* Chin Tang ^JLT jl 

(jjJl (_jl <• oLj s^a J I £y> Jo\j ^y-> LoJli iSb jj2 j jJLsl Jij .j^^Sjjj 

\*~<fi>\ yi L^>t>oj 1 4-o^L>-j i , ai? L ^L) jv-L$cj .j ^3 LjL ^--^j y 3 LlxSC^j 
ip j-o^> cJlS <. 1987 j>Lp .^LoJuJl 4jL^ J *>Vi»- L^j j^—Jl 43*>V>Jl a^Js 

JjN jJI J5 OjLil j t organic light emitting diode (LED)* j-^U (j j-a«JI 

^ t 4jlJcL>tjJ o'llLyi ^ 5*Lvi*>LJ «L™^jj ijLij 0 j-$Lj i_S AjLilll ojjk jl (_jJj 

L>Jl oLiLiJlj JJ^uJl Sf-Lvi^/I ^i>- 5jL*~Jl ^3 ,_pL~Jl 4^>-lj 

c^w-jl JLJI *L>JI cJJc^. J L*Iju>- ^1 VL**1 jl Ml .^jJUl JLjl 
3iLj Jj lS^Jj lS jjLJl jv-L>Jl Jj ii^Jl oLjLiil dDu JjJ^' jl > *>W^; 

.USoJl j/^a-kli Jj 4iLsi>J t j^xJlj jv5i>Jlj o«-Li5\Jl J o^^S' 

1 4joiw<Jl oLoLiJl tiilj J Lo^ t«-L^5\Jl ^j-o *j .,^11 jlJ jJ jj 



85 



j~J> jlJ jjJ »Lj j S\Jl J^>_xjl™jj .J^ajjJl IJla LsJl Sjj5Jl»JI J^jlj^p L_L>- 

L*>L>tJl 4 a j-> " d 5 Lj frj yfl SI j! t j^_ >- t frj ./? U 4_x_JL«Jl ( _ r ; -Jl 4 a ■ "lj-; 

.^-Ul J-vaiJl ^ jL^j^k* L-A*>\5j t^_jjbJl jJmJl 



- ^ : ^ x> . fWil 



J 



j»J!>Ul JLJI jIjlLoj U-LkJ t_j dJJLs Lj ^iJ ^j^-Lp ^r-^ 1 l5' '■M 
ijj_^>c_oJl c^lj . ^ >iliJJ j»j*>Ul j-L>cJl Lo_a ^j-jL^xL^I . ~W . ... i ^zj>-\s>- jj_JL>cjJ 

cj! ,/? . oJl 4_Ja_p|j oLiLiLJlj ^-wjLLoJl oL>- jJj <kj>- jJla_«JI cjL~L~«J 

Cj lal ,ul ISU .j^j^Jl ^3 ( j_jLoLxJl oL-Ll^-l ( j^o La^^Pj jJaJl olj . g ^jj 
Jj<^- iii-L$Col jlSLaJl IJlA J^ST ^yaJ-ijj ^ix-aJl ^ Aj^-JLJI j»Lj_«Jl 4JL«jl 

^jJlp LjJm^- ls7 ..." Ji oNL>Jl (j^ajo ^jij .3*145 ( _ 5 JlpIj Li I jj ^LL^I 

.<bj __r->va 4j»o j-i (.s^ **** J. J"^*^ aLISLo ( jj kijL\SLkJ Ss-LiSvJlj ^sl^Jl /jrf <*->-j.> 

£j—<lj -k~jl ^yo-LJl lL~^JI Jj«^j <LiLi>Nl oLLLllj c-iJlSLJl <s_L» ( j^jL>Cjj 

j_;L>t_oJl oJ_A jJLJ aJ_Aj JjV .(3 _ 5 JlSLJLJI jJaJl) lab-on-a-chip <L?«jj^i 
( _ 5 Jlp oils- j^Ssj tiJj^llxJNl olj-4^Jl /j-o Lgjlji-L5' <uJj_<J1 SL^.Ail 

j! ijj j-SLa Cj*>Lvsj «a a Loj 4-LjUaJI L*>L>Jl Jw» ^jjj C j5LJl~^ la .«i 

.^olJLiJl 4j^jL 

^Jlp j^-v* 4j_j_si> oLljj>- JjI j-x (__L4-^ j I j-"- 9 (J^*i Lji^ j-Jl5o .«-L j t * SCJl 
4jj j5L<Jl 4j"Oj-iJl ^yb .UAjI i_ aL^>o 4^jLJa jJl L*>L>Jlj jl *Lol 4j>oj^J| 

^jIp j-j^oJl ^ Lol tiLSJaLo ^LIJj jl ol j^li j j5sj jl L*>LiJl dill! j^Loj 
.4-jL^S' jl <Lj-^~ c*>\j^LLij cLIji^j j-s^L\p ULp ^j^s a^jj^Si 
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i^jj. J* jJz- : 3 _ 5 JiLiJl 



. Agilent Technologies, Inc '. tjii] ja -bu i 



^"^l j^LJuJl ^^vadlj . ( _ s >c-jL^ dJLL- ^ tLj^SOl jjjiij U-S' ... a 
^ J>S\ Slj-Jl j ^IjJJI j^-jj oUuVl ^Lill Llj L> ^-J aUu^l 

.<L»*X^J| ^-a 1 la ■ 1. 1 ML>t^ 4j>o j^S> j~>*lx>S\ ^j'. s^j ^j-a ^*j>o ^Jol^woJl o-La 

L>_ftj t nanofluidics <UjJLJl oLJUl j-~JIj microfluidics <L>j jJv^JI oLJLjI j-~JI 
. ( j»LL«Jl ijjjlJ j! ijj j-S^ 1 ol j^s- Jul j-~JI jj>- jv-S\j>iljJlJ oLliLaj 
"•Loll L^i-s LoJli di^SUj ^ jj«waJl l-L^j JjIj-JI j» j j-So Ljc^j 
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^Lj^SLJl ^.^Jlj electrophoresis ^Lj-^-SLSl j-w^iJl L>_a i^jjj; ^Jlp 
oLaJl J^Ja ^Lj^ Jl^i- J^Ja^j jbuxiJl jljL* J^>-*j • electroosmosis 

LaLJ LxJb 1 ^'y^-i 1-3 (_g JUl JJL.JI ^-.p 4-pjj_«Jl ^ji jl^j>JI 

j|jL>Jl ^ytJ-" -A^p is yr j-<Jl ijl j-lJl y <*JLij aJLIs ^ jji SbJjJl ( _ y Lc- 

(GeneChip i^^LlI ^^iJl) Affymetrix J-jJs y cjIS^-J; «j; ,/? " .^JLi^ 
i^j^i ^^Jlp j-~*^> olj . g >J (LabChip i^jj-^Jl «j .p " (_^0 Agilent j 

.,/-> 1 ^yj>- oJlA jj j! J^ijjj .^yl^Jl J^Ju>cjJl LjJLa-jC-^^ 

^ LaJl^L (_g ji^l <u!p (_5V j! jajJJ Lj ji *>LL>J ^^^JJ ^ jl i_. ; .WU 

<u>o j^->=-oJl JL>-«jl^1 
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olJLJl jl 

jjJl idUi (jjjixU o^-jLoJl CjlJLSLa^/l ^jAx-i UAj! jj ijjJLJl 

quantum computing <LajJk5sJl iw>_^?«JL ^JjJ«j L> CjULSLo^/I tiiij J .jluJl 
^JLxj l^La t ^j^sJ .it^ jj>Jl ^5 cjLo-«*^>JJ jJi5\Jl ^yl jj>Jl A^^s^J ^^^Jl 

O—J .spin j^jjAJI j-» L»JL»] 

jl jjiCa-j "CU-J jl j-» I ; « $i Lo jl t La U 5J>La> iJutiJl jvjjJjJI 51* Lo 
^jA>^j La ^ j .4_JLaJ0i jpl^iu __ r L*j jl (j-SLoj LgJlj c — 1/2 jl + 1/2 (_jjL^J 

I j> g i 1 ( _ 5 J^' j»jjJcJI ^J~*-^ j ^ '• ' I ^Jt* tf; j-«-Sol 4^1* jj>JJ LuJLsb-a 

t^j— UJl ^ jLijJLJl jkJblVl jbu-iJl L^Jl ^Ip Jo t-l/2j +1/2 

UJl ^IjliLj .jjivaJl —1/2 4^_JtJl tJb^ljJl +1/2 4_a_JtJl Jl*J ^-y^ 

iJo-j jJw'^/ *>li<>-« jj ^SvJ^I jLj^pI LuSLo-i jvjjJdJI <u_*3 ^3 jv^L^jJI ... i 

j_A jJ>«S\Jl 4_^*> j_>cj| ^3 Jl^-xJL^^oJ I ^-1 I? ..^ oJl j| ^Jo .IjL) 1^7. q^JL) 

lcI) cubit 

^jAx-i ^ji- i»-«-lSo j_LS\Jl tiLjl5\~oJl jli t JL^>- jL>tjJ j-A jj^SsJ^/L 

Ljjo jl oLL^ ^^Uj .tio^-SUJ ^ y^^l cjULCo^I 

.^LiJl Ali>J (_5^J .iolj ^U^iJl kiDb ^w2j -UU^j t (j^Lij jl (_^J 

LgJl Jlp aJj^™, LajLj^I t >SU-. J tSUi 1 JlSj SUlS 0 JI5 Lio^Jl 
c-LJlc- <ul— ~j iwaji^lJl ^ t J 1 .M IJlAj i 4™ij oi jJl ^ 1 Jlj 0 Jl ^ 

Aj 0 ^UJI t-iljl ^j^-x!l dilLSLJl 
Nl t <u-LJ *^l N JcJl jl £^~w ^ ^,1^' ^ 
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(_gJJl f- j .,h \\ Ju«j«jj cJ\a jj <■ j_v=> JLoj«jl^Lj tj^jC \s ". . v j tiij! 

(jl ^/I . <L_aj^SvJl j^J L^alj^j t 1 . S"... aj Lw2-o 'Jut?- iJl t aJl*jC—J 

Jls Oji^" ^ dL'S/ tg^U^I J-o-p *Lj! il^" N (0 jl 1) c~,j~xJl 

.oJb^lj Oj jJs ^j>a ^i5L J^>-*j 'j-^UJl Jj*-^ ^llio t_?*J ' entanglement 
^jL^Jl ^w*> ^JwJlo-j c (_^jI^jl!L) ^-^1 j- 1 -^ji-^j ^5^^ oj^-^-'a-^ j^z-*-t 

j*>lL>J jtAJl DESj RSA jblajjlj>Jl j 1 cryptography 4~<>jcJI oUUj 

^ILojC^I <L~qjcJ| C-»U»ajjlj^- 

Ij-^S' jlS Lo-^>i t ^JLiJl 1—1 j-^L>Jli .<u jJwaJl -^j-i-i iJjl J^=l j£- Bj^SsJl 

IJJLiI (_$Jul Oj-Sv-Jl j-o-P Jj-^l IjLSj (j^J«JL™j jl ^j-SLa-; I Lx-j^* j 
.LsAjI <U^<j^o L^JlL«_>- Jo l L. <Lwdj^«5\Jl 4_«>>jj>tJl L^_L*j>tj ^ 

^ULJl xs-\y> j .(Uib cJW U5) ^^oi ^1 J5 ^Li« 

JwoLjCj 4-^1 y*S 4^>J iUl> . decoherence kiJL»LojJl dJLd 5 ^J&UaJl oJla 

ijJjJl Lio 4iUi>li .oLjj-S' 10 j-iS'L; >Lj ( _ s Jlp Sj^li iJL>Jl 

Jij *Qai^l ^>^vaJ iJj^U^I i_™^|jj>J| L^Jujc—J ^1 t parity bit 
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1000 y>J> Jbo dJUUdl dii Laj\ ^L*^ ly j^SS\ t_™-ljj>Jl oJla j! 
^lycu^l jU dUS .<Ju<i i_j>o ti-j^l J^ 1 -*-^ Cy jr^\ ^ ' *UaP 

<u>-5 jL? jjj 1 1 y\ l-JL-Ul J ; .W:U iLli OjJiUaJl oJla jl 

IJlA <L3 l1~=>U| k— — >o Lo_a 

ijjJbJl IsLiJl oUj yS\Jj JUjc-xI j_& o*>LSLL«Jl oJla J^>- 

iij^JaJl oJlA ^ . oUij_* 5\Jl ^jjSsJ 4.1 ./? a'. <Jl CjIjJJI oUjy5\j'J ^Jjb 

oJla 0 W nj .dLUjJl yjj ijjJUJl JsLiJl J— ^ ji 5jjJU iS*>L^l J^o_*jl™J 
jj JLqjc-xI J*>U>- ^ dLUdl ^ pS^Jl aASnJlJ U-U- *>V^ iajjJaJl 

JSLijJJ t^o-^^^Jl SiLJl <UL>li ^ji^V^J : ,_5jJl_Jl j»_L~Jl S jJjJ , ; c- 

JJ-JLa^J 4_Ju i ^jLLoJI jj ^lS\J*}U 4_wS jJ>_S\Jl ^j/S I JJ>J| ^1 t <LoLa clj . g >o 

jpJl y US' _b-br 



i_g_^Jj .3*USsJl ^L*- L> j—U- 3AjJ_p j^I j_i jL~j^/l J-*-j 

._pUl jJlp Ijj>J o^l>~Jl _^s! 



j! t LijJl lob' ^vs^xJ .I^L>- 3jUo_a L^Uj>o ^yJl cULJl isliS jJLJ 
jlpUj UjJI tjrku-i '(4 J-vaiJl ^ UjJI LiSU« iiJl) ^U'S/I ^1 j jl 

Ol-^- jJl y 3 l) jU^s) C-oli-~a 100 jj><lj 5jS>-j \^-& "J*" C-Jj j^jLj 

dUi ±f UU>JI Uu^Jl ^1 Jlp oULJI oliliS Ji") Uu^Jl ^\ }H\ 
LjjJl JUj«jl^I JjSsj N Ji .^^iSo dUi y p fepl oULJl jjj^ ( _ 5 Jlp aJjjJ 
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J (^L^Ml ^Ijj^ LaLoJ i <^Jy (1)Ljj^>o ^jjJJl) ^ : : » : ■ loll 

j I i JjJJl t j->r g oJl LjjJl JJLo_jj .hybridization j ■■ g " H ^^j-o-^j ojj^_w^ 

UjJI jl ^^^jJl ^j^jj .o^Lix^Jl UjJI o j j-v* (_]---«-; ^jjJLoJl jjjJ^>Jl 
oUL-Jl j-a O-j JJs j^ t JJij><Jl J_Lj><J ^s-Le- ^h'^ SjJJLa ^Lc- LgjJa-o 

jill <L_Lv2-Jl ji^l ■/? ' ^j-o-*--; -,^r~jl i ^ a ^j-^' <_s^ LP *^ J< -^ ^ J- 5 !" 
Jlj U 5 ji jJlj isLtSLSl ^yi LjIjaJI oJla ^ j-SL! .31 j-<JL) dU-L! ^ISLoJl 
*U«-I oN 

.oULJI iiy- iajl—^j jj-a 
j^l .. lol l Ol JJ jj-Jl j_g j->-l 4_^i j^- ol a . . I?" 4_oJj 

>lj^-^ *Lq-L«JI ySLoJ 4_j_^>Jl oLa jJ_x_qJ| 4_>IiSj 3*l ^JLl jv_™>Jl L^L<>jti™j 

( ((finite automaton <Lj ■*.< 5juJjJ>» t_ > L>Jl j»-Lp J ( _ r i_™j) ^ >^ 

.*>Ui UjJI Jl^jc^J 

jjLkJl jl JjVl jjLkJl : j-jJL^ lS-^} 1 * -r t ^ 0 j-S^j ■ ^ g " '■ o 1 1 
J4>^j jl j.* dlli j-a Jo. j 1 j .(SjjLp ilL^ ^yj) log'-;! jl '^yl^l 

^Jj i jji .,<•> U LJlIs ! yj^Lo-a y^L^-i J^- 4 ^ ./? o-Ll ^SLo-i .^1 jJaJl jj-a 

4L«i <u!p U Jbwi<Jl i-iyuj .^lill (Jjl-laJl ^ jj<_vaU Lltj 'Jj^l ^J-jUaJl 

jJaJl i JlioJl J^-- .^U-Jl aJl^^j iJL>Jl aJL^ ^jIp oij (_gl ^ 

.1 _ 5 J jJbJl i^Jl JLo^l JipIjS ^ 

Jl 5JL^ ya jLiiJ^I jv-So^J LgJ^I JLSiJVl jlpIjJj jlpI jiJl oJla ( _ r L™J 

c^k^l Ji-jJlj JUL^I JUlyj o^UJl c^k^l lilj .iJU- 

^/Lojcu^I i aLS" jJJL JU-I jill oJia o-x-xj lijj -^j^-ll l-i* >— 1 
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t JJ-jJl oULJ 
cjULo jv- 1 ^ ^oL^jI JS\^> C^^ 8 

Jjoj .<Lo <Lil_si>J ^Lxl ^jj J^~"*>L>! 1 g a ■/'j-; 1 j-Ua-<Jl Jj-iUaJl) Ji~jJl 

^jaZj LfL>^ iuJj^Jl Jj^M J^UaJl a-jIjiij^I 4Jl>Jl js dis 

4Jl~L™]| ^^gi-C- (<b \} ,' y \ja iJb>o (_gJJl) <L>-jJJl 4jL^J| -LqJL*jj 

iJLJl Jj-jJl 4_o_Jl*-j JJ^>j lS-^I i.^ 2 -^' y Jj v ^L—^l jj^ 5-JbJl 

oLljJj>- JLp-Ij *(_£J-5f- £j a "■ ■■• J bJj . g <_5-9j (JjUaJl i_JlJ») 

ji-oj JtLoJl IJla ( _ s i) i>-jJJl 4jL^_JLj ..^-J^l 4_^SLo_<Jl ^Uj-Jl 
^ dJLLu^j -(^UJl ^UJl ^Jl :JU^NI SjlpU ^U^l 



1 _ 5 J jJlJLl 









t^U jjl : ^ N 

JjSlI J,UaJl Jl ^il 

bS"L- jjl : ^ M 


JjSii jaui ji ijjw t_ja» 

(jllll (JjUaJl JJ i jj<w=> t-Jlla 

JjSlI j^lkJl Jl Jjj: ^Ji 

(jliil JjliaJl JJ i jJ<w=> t-Jlls 


JjSlI JjUaJl ^ 

jWl j^LkJlJ 

JUI Jjlkjl^ 
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^y Jliol jLJl« 4_Jj y oLp j—~> kii-Jb <L~o^>tlJl LjjJl C-Jlo-P 

<Lp^-~. i ^^al .,h j 5 j-^-y <Lpj-~" oJlAj .^J_oJL 0.2 J^aj 1 W W Jjj<_«_i 4_JLl)l 
<C_a ( _ s _Li> i 1 W -kJl Jj_x_a j! Vj t 4 . -^JLll k_~^lj^>Jl ^yi-*-; 

ijjLia ^./? o IJla LjjJl i_j j—jU>- jLuj tiUi .<LJj ^iSsJNl ^>Jl 

JLaJ .ollsl jJl jJLs- ^SCJ^I ^.JLx-oJl j! y- ^y t Jaii isl jJl 

i-AP Lib isLkJl ry jJLaJl l-LJ aJ Jv ^])M oUJUJl l5^u-l jlS 

oL>JL*_<JI jj^^-J ojl y~ J^SLi ^jJlp iJL^J iSLkJl tLftjjjJij <S->-j 

i>JL_JJ 5JlaUI Sj~JI j! VI i t >~^ ^! iSLkil iiMf^l ^LLkJl 31 
j! jjSLu I_g.il (La j\ <L>j-~< j! 2y jJ^S <L_-^- tiJLSl) ^ jjUl j»_LJl J 
s-LJtJ L ^J-* 3 ^il^" c LSjJI L>c-aL)jj o-s^j i)\ -^jl ^JL) ^ jj>o 

i_jjL>_Jl c-J-o .,<?" Jij .<t_„_4j jJl J L^j>JLj<jj La_>jlp jLS' L_g_- J jj-Jul 
iisLiJl j! (VP- J t ,_5jl jJL; JliJ >LL-p O^Jl> ^ JjVl 

j! ^ I j-iS' jS\ jl5LJL t oL>JL»^Jl y ^.z? < Vj ^^^o V 

i_JJa j^l j^ojj tJa— j! c^-^w^I iLJsL^pl J^<*>L-< «j; ./? 1 UjJI J> 

Juoj<j j-^-y 1 j*JLp Chris Murray ci'jj-^ o~tj^ 

IBM ^ j->- j I jiaJ j .^j^^ J IBM IS j-lJJ ixjLJl jj—Jl j j-jU^ ^JlJ 

jJiLjjJl 0 ... ; W: «_<Jl jj->Jl JL>^>i J jvJLJl 5iLi Iji^Ij { j~->, j S 0 j! 

giant magneto iiMojJl i™JaJj<^Jl ojLi<Jl ^j^—J ^..^.-W.^juoJl ilj^Jl ^ys-*-^ 
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i*lkS iljj t MjLa Uijiitj Ljj— L>Jl Sj^l JJl jU^I (J ^i C ji>o (.resistance 

.^jjUl pLJl ^ LgJ ^ ^Jl 

J^UJI diL- 

^jJlp oLj^aI iS\'jy tlws IJJ .4 ; ,., ; l?'.i»^Jl ^u.,/?.Jl ^s- ^jfJiJu 4->jl y>JI AjiUaJl 

J^Jl S^SlJu Jii^>J IJJ j <. (((paramagnetic limit iJj^Jl l^™JaJo> Jb~ J^i 

p-^J u^^J ^c—'J ^ cS'jj^ J"*^ ^1 '^r^ ti"^' cs™^*-^' 

aJLsIj^ <uJ jjbJl j^JuJl ^ <t W'.ikJI ^y^-JLi JwojJJ jLta <L_« j^SJl JaliJl 

.^^bJl J^a-sJl 4 W'. iojl 4jjjUl (_y~JJ 



ji j_a j <. oLSLjlSL; j-S 1 i_ jLj ^ Mark Reed JUj jl_a .^-"-j 

t V jJbJl jvJ-^ JLjIj 4_j| isLviJ <.ij^J>\s>- 4^j>t-J>j t <L_oL>cJl 4 \i '. 

dJbJ j! l-JL^I j jl5 Texas Instruments ^-iJl ^aJ jl5 j .SJlp 4_>- jl 
4jt»L>- ^ 4-jLj-g-SLII i^JU^Jl j^l j*J-xjj .4^1 jJ>_£Jl isLiJl oljb IjLlj! ^ JJl 
bJLp Jw<>jcl™j .4_Jj ^SU^/I ijjjj>Jl oljljJl ^ L^^JJ^ jLS' ' JIj 

t^yjlJJl ^yijjjsJl ^^j>jJIj t <LJ j ^jlS\J N I <La^>cJL) it-LJaJl L^_a t ol_j_ajJl t j_ a 
i^iljjJli .1 g jj>- ^LJj ijjjlj frLJ dJJij t^—~<Jl oL~>w-i oL^L^iJlj 
(V ~ a jrr> '^rj* ti^jUl ^p~^l oLxiJ jl^^JU^Jl l j~~ >,i; ^'j 
jlS Jiij .|JL>- oJjLill 5ijJL>^ L^jC-sf ^ (_^Jl ^~Jl 0^ '(^rijjl^l SJUlllj 

jvJ-aJlj <L>j_jLJ1 i^pLJaJl JLqjc-^Li L^jj^o |_g ^^Xj LLL^i b_;lj -Aij .1 <\ ^ 
.(ilJLx^Jl) ^-LJl jj-^xJl oLjJJj (jljJL>Jl ^J-p ajjJLJI iiLSUl) ( _ r J5L«Jl 

.^J-p| 0frLi5'j 4P J J J 1^JI jx-AJ ^j^xjj 

^LLjL>sj ^j-y^ j-y^ ^l—~-JJ 1 1 ^1— ^j-U-> <— J ^ 3 ^—^-dJJ ' ^* J^" ^ j-^'J-^JJ -1 

Teri <» _jl ^Jl isUil <,(LJj^- ^ Vx-y^- jv-A^jj ^jJUI) ^ySL-jJ-ijlJ 
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jJjLU jJbJl jvJlp i^AjIj ^ (_5 jJ cJl«-p jJj .aJlSUI i±jJl?-I lOdom 



4_*_»L>- ^ SI j_oJl j»_Lp ^ Mark Hersam <»L^ iijL» J-<>_*_; 

4_^a ^_JaJL™j C~9j ^ 4_™iJ 5 j g .til ^j^j IJ->J-« j^r* 1 ^ ^ kliJi 

^ lSj^I 4j<-<jI>- olj^X^jJl <Ju^- tlJJol -U^>i .c-aJjjJl i_o<-Li ^s- iboNl 

^Lij ^wa^J oJb-L>- Jpl jiaJ ^j^JjJl jjJa^Jl jUs tJoeLyding ^j-lJ j^- 

i'ji ^\y^>^ t^Jl ^-~Jl ^4-4^° j»j -i^c^-jj- 1 -* ^'j-*-! J^-^ W^-j 

f-(_JJj>cJl Ja_Jj^3 .L^jLS1>s Ja_^>c^Jl jL>cJl ^j^i ^-vijj oJl?-Ij ^j-^-jjJLa 

ur""-™^ •-^- - >" <^ i-> j *(^>>- ^ j^-^-jj-LfJl 0I3S ^Ja~^> 

W" jj5LL-Jl s jj&j> '■iSjT 3 JLxjj . controlled feedback lithography 

frL5! 0 jUJl jLJl j-jIj ^-i-S'j L^j ^j-aj ol5 ^>Jl 4iUi>J t f-^gjjJl 
.<bLSla ^ t^j^Jl ^jJlp j j5LLJl JisL>o oLxLiJl oJl^j <uLi ^Ljlj .4^5 ^ 
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<_] La-xJL—u I t j»j-o-xJl <*->-j ^j^f-j J .,/-> all ^ 4_JU LaI^J (_r^l 

.SjLjJj 1jJL>o jJbJl jvJlp IJlp-Ij ^Ljj j^isJ^I ^ 4->jJUl ( _ r ; -Jl 

£-j_«o>t_<i (_£ JJ LlJ 1 J 1 J-?=^ 1 l_S J-~~°-l 1 <CL>s-Aj I JJL) JLoJoy t Jj<-AJ 1>J 

Bell Labs/Lucent Technologies ^p^y jJ j^So jJ /Jj cJlS JLiJ 

Lg_gj>- j! ^w«j>u iijJL>tJl *L>j_^jJlj ijLiiJl L^JLal g .il ij_JLSj t jjJl^jJI j^Jlj 
^ L^-yiJ j-La Zhenan Bao jL jloj oJujj Jij .^LiLiu-lj aJLaju IojJLj 

t Ananth Dodabalapur jj-j^Lbji tUUIj Howard Katz ( _ r JlS' ijlj-» 
L^jlLoj«jl^iI ( _ ? Jl Ajj-vixJl objjj>tJl ( _ S -L< > ^LoJLSJl olj . g ^.jJl t j_a it- y±s^j> o-o 

.<u5lo^i <ui LAS' oJbJL>Jl f-LJijil *>li^ 1^L«j>o t 4j^Lp oLij^SCJj ^ 5 

.j^i^jjjjj 4j<^iL>- ^ > i L r <>_jS' SLux! jjb George Schatz ,j~jLi ^jj-=r o\ 
4_~<jJL«Jl ^ jLS' LoJ-^ o^jLxjoj LyJ>\-u <j ji iljLij <. *^5Jlj>-Ij 5J ^jp 



Jj^I j pJU-a l^-i p-L*jj * j*>UaJl L^_i SJL>-1 j *j j& ^ ^iJUj i--j_La . one-room school (-:i0 
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oLj ./? i JL>^ ^ tl^>o 5 ^J^^/l <\_JL>t_Jl ^j-JLi ^^t-L-^i (_£ ji! Jb^l jLSj 

L^j i_s^' <*-oL5\JL jIjjJL U> " g a jLS tJ_>JL>txJl <t^-j ■ (.Sj-'LJl j*-L~Jl 

^^a oJlaj t ./? Jl 1 g jJ>- 1 g 1? . L^-iLSlilj ajjJLJI oL>H>Jl oL^ULa 

oLo-«^xJl jj>cJ L^o j-Qj ^j^jL^i j^wo^pj . I ^ . Lp ^ jJ^stlj ^^^-^ <L> j-tUJl iw~aU1 
j^isj tMie <u_^l ^LJl ^LjJ jyi JJi ap^x^I Ji jLS ajj-aJI ajjJLJI 
oLo— ~^cJl j» L^-j iJL^tJ ( _5^l 4-~a-~S\Jl isJU I-J-t *L>j-S *li j— »L>- ^^j-i 
./?aJ ^ ^sLojJl oIa ^^SCoJj .L^Jl jJIj Lg^jli aXuj Lg-^SI LgJLSwlj LjJbJl 
^jJlp (_gj W'.t <t^JlJl oIa jj . »j .,<■?! 1 ^ (j-J 1 -^ j jl k_~>cju-j tl~>u ijjJLJl 

.<u>-*>Lp J^ljjtS' J^ojJIj toljLi^ll aJijjj i ^j-^o-iJl ^ »j 

0 j_a11? JjLojJ <LaLp ^iLa-j j_S\J ^SLlwoJl jLS i^^J -La J-o-P 4^-" j-> jvJ-*-^J 

LajI Jj i k_~~^>ci o^/l Cjw> SiU c~~J 4jjJbJl iw^jU^I 

frl W 7 . .. " LoJ^^j L^J! jv^-JJ (^^"^^ iSji l5 

La Jj t <clL»j U jv-^Jij jl ,■» ^ « 'I ^ ^jlijjiJl (_5^i™«Jl ^ ^^j^a 

^Jl jJl ^ t j^Lo_i t t j^Lo-i Li 4^>J jLS' jj 1 .,^^1 W 7 . .. " 

^1 iiJL ^jiJ dJJi tA^-JuiL! ^'"J^ c-jL^JI 11a ^ ^Jj>^> 

yjj" L^M jiLJl Up o^L>^ 

4,5 J^-iJl aj^j Lo 11a j t iLalo ipj-j j^>jJ jJbJl iiLajj pi* j jv-waLLi jl 
pip" 5jLo«Jl Jwo-xjl™J ojj-^-oJI <u-«Ju<Jl o^ULJI iJLt- jj— j (_slil 

4JLI0 2500 JS\ ol jLs- JJ 0 ^ i_uJl jl Ji^^ .« jJLJl 

l-^~ 0 j-^upx-^JI (_£j^S\Jl 4J jj>Jlj .j j jjLaJ <jL^ J Jjvoj j^>Jo j-Aj t Lji*>» 

L^lp (_gj li'.; ^xJl Jlj 1 jlilj OjL)^/L y L^j loJ <bj-;LJl iiLilJl ^J>\ y 

.J^woUkJl jAxj jjJJ j"^l oi jJl jL^ Jij .jJbJl ^Ip 
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Hype itfJ 



3 




'95 '96 *97 '98 '99 '00 '01 

Lux Capital y> -jULuS 



£UiU Hype JJi : 4 _ 5 J^LiJl 

. Lux Capital '. <as\ „bu c*— ^51 
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fcSUll SI^JI _ 6 



^ J-»-*Jl <J& LSjJJL*J -^r j V/ iw^Lv y/ ZjLSxJl JjJl 
^_L^ ci}-^ i-i < i_$JJI ^LlJII j jSj jl j-^-o-j UULJl 

. fijiJip- (Jl * I., tit 1 1 cl.iSr.J 

David Swain ^jI *^a>* 



103 .IsJVl 3sJli ^1 

105 o>dl 

106 0 UiJl 

108 Je-Ldl olji^ 

110 y>\ ^Jl i-LuJl olJ'jJl j J^LJl ^1 

111 ,.n,U:ll 

112 
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<ULwv2 (j-^-o-i ^L^>^> LalJ ULLJ JJsLJl t_iljLI <ul ^jJ> 

•ajl ^jj> .<Lil>Jl tulScJl ^yj 1^-5 (_5jL-J <u!Scj <uJbJl>Jl dlSv— Jlj jj-~>Jl 

(T^rj jl .L^Jlp ijjj-lJl i jLSLw^JI i— i-JaJjJl jLS'i i jLa JJl 

.^jj^Jl J-~*->_ ^ jJa-<Jl jlj <• A_Ju>Jl j^S^JL; lJUl J^j N ojL_~J| 

c a ll <LJli j j^i) Ojjis Jli ^^iLiLoJl <»L«^>Jl is*>L jl j^ilj 

5jL™Jl JJI jJ jl ^jj> .1 g ■ Lp a-v^ j-»-> ^j-^^ ^->\-^jj-~ aJIj 4_Jl>ISj 

jl ( jiLo_flJl (jj-oJi jl ( j^ijJL3lj .<U>cjj_a ojl j^>- 4_>-j.i JU-P j g W ll JL*-) i j| jj> ^jS 

<-VJSi\ di)u .LjUJu ^Mvs^I ^li ir^*->. ~" jL~Jl *— 'L^l 

.i5JJl Sl^Jl JLxu- N 

jaL^i Xjjjo ^jJ-p ojJLia L^-o-wo ./>" ^ ./?o LgJl jj^ <u5i ioLJl Jj«j>o Li 
.^^ijjjJl (_g ^i™<Jl ./> ill liJJi ^jjjLJI iiliJl .3iJL»Ju <c~L*» 

Lojli 1 g ./? «-i jl (_gl t Oj^u jl <U jSL- j jl <LJjjJl ilj^>JJ 

lx_J 4_Jslj_>- 4— ^-jli>- LIjI^jJ-oJ ji-Nl 1 g «j t 1 g . ■■ a ' <ULjJaJl_i 

k_~>cJL™J ^ ^v-o ^3 a j^^m oiLs J-Aj .(jLs<al!^/l jW-^-P j J-Sv-J 

SI ^ W:^ jbl jJl LaI^ ^ ^jJl 4JJIJLJI ^JLlI ol ^jUs L»l .a^jLp- (_g jjj 

^1 dUJu 

.AjjjUl SjLaxJJ ^ LiLva^l i^s> ilj^ LjUj Ljl>J jLu ijS'JUl il j^Jl 

jjLJl JLLoJIj .Loj^J "L^i il ijj_^>Jl il j^>Jl ^w»> jl 
.4£SJc»S\ ijljjJlj *LJl J^i ilj-<Jl ^^"-J i j-aj ^-L>Jli .jLJNl 
p.| j^Li UijLp ^U>-«jj t i-b>tjJl ^^1-^ j-^j J j jj-*^-^^ ^^JJ L-»^>t>s J^o-^j 
t oli jSLjJl SiJbcLo 3 j^jclo 5iUi .<\Jl>-Ijl!I 4j^»>cJI Aj\ JJj ^y>-jL>cJl 
(jXJl 1 g'.. o Uj-o-^o yaj <LjJbJl iiLiJl JjL>o ^yJl ^tfl jj>Jl ^ajto l. a.^jj 

.i^S ^Jl 

j jJuiJl ( j^o it- oJl jjJLaJli .ojjj .,^1L Jjjjlj o ^AlJi 4^5JJ| il j_«Jl C~~J 
j^J 
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ji£\ ilj-o Jiy (_gjjbJl n ; ^ ^ SjijJuJl SjJJLJI ^j^vJ . ( jljLij>Jlj oL^Wall 
<u5TJJl j| j^Jl jl ^vil jJl jj-^j .4_^JJl jI j_<Jl *Lj ^ 5jj->JI oljjj~-Jl 

JflJUl jj» UL ,^JU _ r k^j L. Jj! jli -liiJVl ^ >m U-u^ 

(_gj-oJlJl *LpjJI ( _ s xJLj jl j»UjJ^I "ojj^ ^^oJL^J .^ijjJl jJ 5 j-^* - 

j_oj 4j CjLJ jjCa o-Lp ^j-o-vaJo -LJL*jJl oSjJ^St <lU_o»p 1^j| .LaLoJ 

4j_^L>cJl «lJj>c_<>J| olij^>jJJ <LJIj ^ ... ' I k_^>cJL™j 

i_i jJU jLLa 2LJli oljL-Jl oljlisjj .L^*>\wsL) tiUSj t j-qJl^ 

j! VI .<u!p jJj^ jLSUl bij^> ^jJl 5*>liJl ^li ^jJlp 4ijtL> 

i^jjo (jl C-ujJL) iaj j_*^Jl ^ia^jj 4-olj ^<xI>c_J ^JjJJLj C-ojJl 

^Ja-xll jj C 1? ... i I ^ c Ijvo ^U-Lp^I ^iiJj JajljJo .4jjLj«J| 4jj->J| 4^^P^/I 

j^i-j ii j>t-l>i j jSCii aJjjWII 4jjJbJl 4jl™L™J| Lol 
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^j>^i\ ^piJ *L<Jl ^ J^*^ (*— jJLJl) <* Ja a"... <Jl ^1 jJl oLp j_»j><i» 



^_^J>c-*s ^^-^>cJl 




. *LJl) LLJl I^LLII oU >ILJI -*y^>- *L*Lp f-^L ^^U- j^j : 1 _ 6 
s-LiiJI ijl j^ill JbdJ ol ^Js ^ iJl ^la^uVl ^^^J Sjj^j aaoUJI Jail j^illj 



General Chemistry, 8/e, by PetruccV Howard, ©Pearson Education, Inc.. '. ^y> id 



4J13] J~*J i 
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t j_aj .<dj<-a t—ij j]s ^j-^J> ^jj-o-IJ L^j! aISjJI o^LoJl oLo_~* 

L^jlSIoJ ^yjjjJl ^i^jcJl ( _ J i*- L^jj^i» ^yi 1 .,<?_> I <L5S o j5\J jl SI j^JJ 

ojJu ^j! t-iyCj <uJcL>t^JI (_£jJbJl kiUuJl otijS^oJ t ^j^j«J 4jl™« oJiAj .^jljJl 
(J j-L>c-a ^3 oLjJl j j_Lo 4JL j\ C ^>c_La (J j_Ij>c-a j^i? ^_LoJl 

j^-J jJjL^J j^la l^-s) ^jU>E-a o-Lp ^3 4^JU>Jl o j^^oJl Jpl ^JaJl iS'^~\^ 'iS 
jjJu J^jc—J ( ( _ 5 iS' ^ Peidong Yang AJL ^jjJbL j~>^>j ijlijlA 4jwI>- 

IJlaj .SjjjJlJI SjL^Jl oLJJl JliLil y <.(7 _ 4 JSLlJl) 

LsAjI JlL« .'CJjos 4jjjU ^jjj^Jj ^jXjjj>cJl JLojijl^^ JLL« 

tjiLu ^Jlj t^LJl ^ jycl\ Ji-lJJlj ^UJ OJS/I ^_jUJl oli t ollJJl 

t ( _ r oLi_oJl ajjJU ^IsLi^ oli i—^jU^I oJlaj .pLJLj 4^Jcu_a ^jlil iLs^^Jl 

{ j r LjJ>^> x^xj> ^ 4Xp yis^j Reza Ghadiri Ijj j»Jj^— I Jij .1 g 

oIjljuj ^jI.^ ~J iiL>Jl J5Li LgJ oUjj^- ^ 4jJ5Ci ^o^Jl iJlS Scripps 

oJla Jlioj ^ J^L^J .^jIjL— Jl cjIjUsJ ^j^i 4-jjJL 4^>iJlS\5' j^lj 4_o«j_^' 3bi j j-SdJ 

ilLkJl 4li^li (^L-i^l Jj<->^j ^ ilLkJl (-\JLC- ^ji 4-j<JLva-Jl CjI jJLaJI 
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Uujl? ^yLixj^l JlC-LsJI t 4^» : .WIl .Q*>\ ajl 4_>Jlx_aj J : ■/■? Il j 

jI_£j>Jl Jos^-4j l)L«J^/I ^ji W ll , g j L>J^>ci .IJl?- <L*JSLi J a U 

^jS- o j-iL_a JL^a-aj'Vlj {j~*-*> l) j-Sv^oJ ^o-™j 4_J>Lj_J 4_iL jJsj SiLp ./? all (_£^>cj 
j j^o jl Jwa-aJl oLJ_«_P ^ 4_L«_*JL™«J| <LjjLJl ^y^Jl ol a . . 1 

(_gJJl *_a_JiJcL!l ^ J_«-jcl™<JI (5iLLi jj-Sl-^J ^cJiLL/s) jli j_L~Jl AISLES' 4 \i . ... i 
cjbj^>cJl ^s^jj ^oULoJl 4j^jUJ1 AjLal_^^ ^oJL) 3 1 1 o>Loj_>cJJ 

^^jjbj i ^^jJlSxJI J_^~p ^ J ./? ->il-i 4_™aJ e-^JLJlj .^iUS ^y> j^S\ L^jL^LLa 

t j^i ^jAJjA jO 1 g . 9 J^J<j ^^LSvJl j (_5-^ j-° Lg-l^J 4_Jl_»_C- 

jv—^Jl ^jL^ j 8 -^' j-^wi tiJU>Jl (^jlSUl J^-~^ 4jliJ ^ji .o*>\ ..^ all 

Ij^S lj^b>o JioJ cJlj L« ijliJl tlJJj t j-£L! t^-i^Jl <u^p| iiLaj ^ oljj W" 
tLJl jUkJ ^<>_„J ^j^i .jLoLJij LgJ i-jS'i oiLa jjb Gore- Tex ^-"^ ^! 

^JLoJj t ((j {J->-^-> L^JLa 4^- j '. ./? oJl ( j~j*>LoJ| j-a j-*-<~d ^ 1 -JLJ ) £J jj><JL 
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j! i j^Lo-j ^^sli"- ^JJj>- £-S j_a e-Ujj t ^jXjJj>cJ| ^-S^jtlll t j-o ./>"" L^-Loj«JL™j 

tjLLoJl •> ( _5^- t ' ■^-dj-' 1 (Ir^*^ '*"~ s 1 Jj-f-j-oJl ^jXjJj>cJ| ^jJL^JL 4_vaL>- Ja-j^j 

( _ 5 pLjj ^j^I ^jJLip EDTA Nl> ^ij j-x-oJl _ 7C ^-ll *(_£j->Jl ^ JL>- y 

! (ethylenediaminetetraacetic acid J^>Jl L y2-*^>- 

*_«_v2» f-t^y>- t siderophore JUJL>Jl J^l^~ ^° J^l 

^jAj i^LLjl (_gjjLJl jgj . a V 15 (oljjijjJ_™Jl) -bJL>Jl J_«l^j>- jJU 

Jlij_»_>lj if- j^>t^i CjjjJs Jij .4_JJLx^JI ijl j_>lJl JsLil!*^ <Lol>tj>tJl ^ojj^ 
ijlj-Jt JsLijJN -^j-^ J^Ij^ LJjjjLJLS' ^ Ken Raymond 

Jjljjj JsULJN JJL^iaJl oJlA JLojCUjI ^jSCo-ij .<uLj Oj^j ij\ jj^-o-J <uljt>i iJJboi 
iiySjj till 4 j-SLo_i IJJ .jv_™pxJ| t j_a ^aLyS jJl ^^s>- j\ ^ojjJl jj-a 
^ *>UAi (. oLoJl i>Jlj<-aj J^>-*-ll jj-S'L^I jb"^ i$J-^ JbJb»Jl J^lj^ 

t i_j jJJ La^j dL^iVl Jwa-«J Lp j— i 4^L>j<Jl (jjl jJaJl j-tS'l jj 

j j^o jl t nanofiltration (_5jJbJl ^-i^Jl jl ultrafiltration Ojj<_Jl 

* )a iu> (_^->«-j Air Products Corporation iS'^JLil jl .ilsLa ij^Lviiil ix>_J oli 

^ ^Jl ^lj| ^->~ ^j-a A^aJ ^-^Ju^llJ O I fl . . *h 1 *U>Jj 

4^_«L~« s-Lwu ol a ■ ■ ll oJlA £-*aj>- ■ g ..." ^j-Slojj ■ Q*>\ .,(^ a ll (_gjL>c_« ^j-a 

JjLo SJIjIj 'L^C'Llvs Oils' j-i Jl«3 4_w«L^>Jl ( _5~ll oj-& ^jjJaJ Ji^ 1 -^j . o^jjlJ 
.L^bJl iiLiJJ l^-Li LiLva^il ^^oj Dow Chemical Company 
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li-asj t ik™j oLjiw s-LijJl diSLiu ^_jUUI ^ ij^-j^Jl ptyalin ^LuJl 
t j>s Ijl^-Ij yJi>czi\ j~-*-t ioL^>^5\Jl i^JC^Jlj 4_™S'^Jl .,>^->ciJl ?-1~o_iSnJ I ^Jla^- 

<uJ oJLS' ^cJa— <L^l™a c^^j-iJJ coils' lij .^W , Jl o~L^«_i Jj-l-xij 4-Jl*-«Jl 
jJjJj J^LixJj Lj«_a 1? . " (_g 4_jL^>_^SvJl J^il jj<JJ j-° 
5iL>Jl 'Ju^S' c~JL lil ... ll <b~L~a jvI^^>Jl ^ULj ^z? 1 a" .1 g «-i 

tlJJ .2 J ./? aJl ^ jj^JuJl k_^AjJl iwJi-^Lo ilb^ ^ 1*5 LaL>j t ijlj LJlSJI 

^^i" jjJl Ulaj t^oJixJl J^f-LidJ L^juLli Jl^Ijj i <ixSvj>_« ^W,^ o^L™« 

il £\ .,r>" ^jJl Nanomat J™i ol5 ^-i iLjIiJl oJla J^jc—J .yi>^Jl 

<L>-j ^Lpj .Jos^a-flJl oLjLaJ ,j— 'J I g '• ; ' ^-o-^f=J I (j-^" <LsfL>sjj t LJ^ oJbJL>Jl 

j!5 t Mobil Corporation iSj-lJl ^jJ (jjUJl Jl*jJI ^ LsMkjlj t^jwajJl 
L^J*y k^-j^JI j^jb-JJ zeolites olxJ_jjjJl JUjcu-iL iJL j»L>jiaI i*j 

^ *ul*-a ^jy>- oL>tJC-a s-LajoN L^JLi^i*>jI ^5\^jj 3^Li5o ^jjJ 
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.(2 _ 6 J^SLlJl jJajl) t_Ju^ J~~S1 ^ ijjji>^ 
.JJI iilSJj oMvii ^Js\j ii*\j£ i JsA j»UJl ilj^JJ 

SjL*^3 ^J^LaJj p j-iS j ./> \\ p j-«*Jl^Jl ^jl j_*X> 4_].iL-d J^_^J C~~>- c 4«Jj_Lo 




. Geoffrey Price, University of Tulsa '. y> JL*j > 



109 



s j ./? a oJlj ■ L _^ 5 ^ j^>Jl OjLjloJI a_j j_)LJl ^^wJl ^j-a LsAjI a-o-jj 

1 g .,i->\ js>- ^ iljLoJU c~~~J oiUJl j! j»ULjl IJla ^yjl jjjl ixjLi«_i 

. 1 ^ o ■ .. ■>- *L>-jl ^ ioLj^aJl 

U J>\ ji-^ ( _ s ^pl oJla j*Jl*Jl ^ J-*j<-JI dr* " ^3 °' j^' 

^^ij y as- j^>j>t^ tlJlSj <. LjjJl ciJLS' ^ t_^jJlj ^JJa^JI A ./? aJl ^ ol jj 
4.^-1 SJLjIj MIT iJlijJJ (ji-i— < j— il— L» -l^-*-" (^jJ Moungi Bawendi 

ajjjL) ^uS o^Lj a>c^JI c-jIS t 4_Jlm« ^j^i «iL>iL>- 5jjjU i_~oUL> ajjJc1\ i) \ ...h* 
^-j^jo l^-^ Ij-J^ ^-3 aj jjUJI ^jLiJl o\ y^}\ ^ ^j-^-^ 3 ■ j-jj 

A380 is*>U-xJl j-^UJl ^1 t^UJl J^>Jl ol^Lk ^ ji jLJl. 50 j^J 
iPj-Jl oli Sonic Cruiser dLjj^Jlj t 550 Jl oli super jumbo 

N L^J! <-° J >-~r- o^L^ jj-jj-Sv-Jl ^_iLJl oj -^jj-Sj ^M-^ OjjLkJl Jj«-?J isliSo 

A*£ i\ j^Jli .ijjjbJl A^S ^<J| j^jl ^3 Is y>- j^>Jl <U»<iJJ^Jl I jJ>Jl ^jJ^J 

i U^j! i_aj^! .Jil ^1 j-« ^y!^ ^lx>Jj I j-iS' J jJal y*s- olij (_g jil AjjJbJl 
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.LSJiJl ilj*Jl J 

iLSLixJl o-igi .AjjjUl ^LS^^Jl ilj^JJ iJLj-iJl ^IjiJlj ^jjIJJI j»UJ^/I Lo 

(jjJl ^JJ>- j\ I 4590 jvij i^-JjiJl <bjjj| isjia>Jl iL^j f-lol ijjiCjjSUl S^jLW 

^ t Lj^Sj <Lyai^ jJii if>- j .Challenger ^^JLLj »1 .,<? aJl iS ^Ai 

^j-a L\l*-a ^Jw~^a LgjuLS* jl La LjJ^- 1 g ■ m ■ m ">eJ J_*_> 1 g 7" a L^a L^ ^jj^ " ' ' 

j^jCLi^ jl ^j-SLq-j ^LoJjJl IJlA ^j^j ^-j '. ./? oJl ^z? . S ll j .4j jja jJl j! Sjl yjl 
tL^JI J jjJJl (jjj! is*J-*0 ^J>\ "j^- ^Ji k— JaiJl 

Jjjlj—Jl ^-Lvs ^y ^s>- oJL_i>i j j-SL7 j! a-JLSLs^/I o-LgJ t j-SL«_>j .ijLJl 



dijjJl J-j-i ^yj> ^jdl aLJJLx^JI ijlj-lJl j j^J ^ JUuJI J^—- '^^r*^' 

Tom jljjJL&j! j> y ip j-o->^= k^-~; -^i j .chaperons oI^juJL L^jo J-~4 
^yi aIIpJI ^jxl^Jl j! ^*>l>o jy-xjjjjj 4jwU- ^jJ O'Halloran 

oljjJL«Jl k^Uuj .5 ^Jw5 «LJ_Jj oljjJLo_i LWL>c_« j-^"I Ji ^ j-° 
ji^l jL?La Jj IgiJioj L^iliJj ( ^ r oL->tJJ I oijLi i J^J k— *->~^J ^ 
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.-sIjlaS/I (J ^ Jy ^jIp oUj y^Jl j\ ^^SfLj JUiJMl J~i ^ Lo 

oLo_>c_a t j_« j^o^sxj <uLs t^L^-jjL l_Jij->- c-4-Ij<_« jv-jj-iNl jl Lq_jj . 4_jjjj>J| 

IjilS lw 5^-~^ ^J-^" ^ J-~^-° Oj-S^J I j-^J 3 jl i-jL-o-^ 

David Avnir j-^-lil -J^-a-p <*-< J^-^ £*l jJL-j LtLJjl jlJM J ; . W " 

tAj^jUl ij>-L>-^Jl ol^Jl dUu IjJujcl^I JLai . Sol Gel Technologies 

c~> jJl c-iJJcJ t sol-gel j^MfJl J _^L>wj ^L>-jJl J^SLu ^^^-J Sjj^^^™; i>JL«Jl 

aJL>^>J| io_JjJj tiliis-ljj dLLjj dJL^jJ c^jjJl dJLJj <>*L-J (_gJLa c fe^Nj 



M idUS ,yi jJlS'Ij .L^>^lJl <L^>jJI oLL>)!l dUu ^y> j2S ^ j_Jl 

^j^aj ■ ^...«.>J| £>J LoLwo-^ JlpLLJI ^l>-jJl uS" - ^ Ajj «Jl olijjjjl ..." 

ilj^JJ Nils S ji tJ^Li^Jl diij IjJLij iiLi^Jl OjjjJl Lai .1 ,/>A \^Sj^> 

^ jJLJl jv-Lp j 4_>jJLJl ^jJ-P' i^-o-*l J y- j-SIjJI J-L>Jl J-^jJLj 

U Jij .oJLj«^j 4_Lg— > oLw>Jl Jj«-?J i^^L^i^Nl ^Jl~JI ^jJlp LsAjI ^-*^j<-j 
^j^j (_g JJl jjliJlj tJLS'UL; ^^iL^Jl ^-j^ lS-^' Gore-Tex ^U-iJl Jj<-i!L; 

LkJl 

. ciii g " * »i oJ I oL%j»- ^j-«*j>(jJ (_^^jbJl 
c^Cwf oij .Jjj—JI oJ l>VI ^ ^yJl ll» ^ ^1 ,_Jj^l oU^Jl 
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<LjIjJ-_aJI jjkJl j-??*^ ^jj-iLj J^o-j«-^-~j ^yJl NanoTex iS'^-i !_;■/?«-> 
U ^-o-^j NanoDry __£ jjUl c-i-i>^Jl Lg-^Ju^ j! i> ^-JJl (^-Aj . ( _ r o*>L«JJ 

^uii-li ^-jLJ' J 1 *-*-* J j-^'j (3 j-*-^' JiLp k_JaJjJl i>- __pL» 

Li- dJ-JLa 4_)^_3 «Lww3* ^jj 

.(3 _ 6 JSJLil *l >l p\ j j£> 

j! ^-jLS' __g _y ___jJl 5 ^^iS^Jl SJlLo jfl _y Lvajy Lvijl J-/?-«Jl IJla ___J Lj!j JLaJ 

j! ___; jJLJl jv-LJl ___i jv-wQ-yidJ j^Laj .iJj^l^i^Nlj ajjUJIj ^Lj~aJlj ^.Wll 

___J-P 4->L>iJU*Nl ^\}~... "j L 4Ii X ioLwo_^j ioLj-3 j_j.fl jp- oli j_a ( __ j 1i*j 

. <L^aj LJ I ^__j^ L 



Lui 



L. 




.NanoDry __g_ipL)l i—flA - ^!! ! 3 _ 6 JiwJl 



. Nano-Tex 45 -Jul iail ^> > 



113 



116 4~*~JaJl SjjjUJl otl^lll ■ 

118 <L~kJlo ^SCll oLl^li) ■ 

120 i^>Jl otl^Dl ■ 

124 iJj^J)(l o^Sl) ■ 
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J ^JJl j»l*iaJl jlS jl I jji dL»*>lpl ^pi^—J J f^-^ 

Ix_j_<j LJl I JJjioj Iju jJ j! 5jI ^>JJ ^jJs'jjC Ji L^Jl^-I^ 

jli~<Jl jLp jr" i_5^' ° oLjL^>_^vJI c_a-LS\J jl j^ju-L J^x«Jl <lil 
Ijji ,j^>j ^jJJ *>\_Ji>o Jlioj -jjjjVl jl jjjj5\Jl J_™S1 (_^iLp-l j! i-j^—juJI 
<Lp jj^La ioljj <j^l j^^ 5 c5 j^-** *^ *jI LtLv2^s ^.fg ) j^>Jl jl5" o\ 

i^>o) ^yil ol j^ui^ c-jLil5 jl>Jj .jL>Jl ij^J J yalL 4JLJb»Jl J^Ls- 

^ oUl£»^M oJla JS jl .jLkJl J dJL~j*>U (^-°l 0 j£> jl 

^J-^ J-^-J ^^^-J ^^^-^ CjL**^>c-oJ|j .4_> jjjJl C->L*~>c_o-lJ 4_i_^J^>c-a O I a , , ,1? " 

• Jj^l j»Li<Jl J iojjs^l i_Ju«J ^t.,/?.!! ajLp jJI 

sensor i<Ji£Jl ^ ,j-iUl ^ o j^-^j l"j ■ J*-" ^Ll^^Jl jj 

Star iw«j>sJl »^ c .^.<Jl Ju™L~^ J Mr. Spock Jl ijjy (J~>~° i_sD 

J S ^.a Jjl cJl*j«jl^I JJii .dUi j-^ j>Jil c~~J sensor 4_<Jl£JIj Trek 
j^>o<^ L^J^joj 1 1958 J New Scientist c..~:.uL iL*^ J ^ 
jl] ^Lw^Li- 1 g .^l-J jl LULLS' jj-^ ojLiJ ^WnJ lj . g ^.J L^JL" ijjjL™^! 

.oJu\i 1 4^o-A| ( j^-ls>cjjl O^/lpx-a 
Ojl jJ>Jl (J^= 4 W '■ *-a j g ^ i . 1 1 .,h \ \ j g W J j! ^j^LoJJ C ( j~aJJlj 4j>cj| j-ilj 

jv-i 5JU~ ^ Lq^ 1 1 g . ^ Ljji y oljLi^ll oJla ^jJ-p ojJLLoJlj . »j ..^ llj 

^^ill <u>cjIjJI 't^j^SsJl 4_jo^5Ul ilj_«Jl i_jLLS' aJL^ Lo^ t ijjj^wi j ijj-kj<Jl 
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( j^2_x_i t_Sj_il ojj-^-j_«J| 4_w^il_^>tJl <t_ijLj| 4_jj_jUJl ol_™J>t_«_Jl jl 

i Jlj->J1 ^yut^ Jj 4-~>- LgJSlJLj «Lwo_aVI oJUJLi c i_j*>l5\Jl Ly?j Wj c oUlj_^>tJl 

jalj^Jl l_Uj Jl^-" W ■•• 'lj -L^- J " ■ » < w sJ- p j-g-^l <Cj>tJLJl ^psli- jj £j JJ 

oJjb ^-LiJl jl Nl t JaaJI J^-i £-« ^IsjuJI J^-i J^'^ j-* 
■ ajtW,^ j4^I oL>t-LlJ Lvij! ,,f?\\ ^jjJlj ,/?ll J^JLil jj^J 

^ ixjLlJl 4 ; . ■■ : la : » o 1 1 olilkJl ^jLa^ olS JliibU t L^bJl oJLa ^ 

.(ojLi^ ^jlajoj ^-l^LJl i_a..,t.. t >vj LgJ*y <*Juo oL~>^ tiil-L 

^yjl ^ .^...tJl jj>«J i_jJj>sJJ oLjJl (JIjjIj jLaJ^I -jja j~£^> •{£ jsA t \p\ jJ~J> 
3 j-*jJl jl iSjjJl <cJj«_<j 4_JJJ_>- oL™>oj k_-~>nJL™jj .l^illa jJLva-" (J^-*-* 

-bJ^>Jl J jJu l_S j— -L^-^ iiUaJl ^j-a I-AjJ-« ^.^^-.."Jl <U3 <L>-I jj tj- 0 *- 0 

JL>-jjj t OjwaJl jj^L^jJ jlil oUlj^^Jl .^--LJl J .p aJl ^ tiUi Jj^ 

diij jl . 1?« .,^11 ol^liJj Oj ^aJl ^j-J^J ^y^" is jJaJ^ ±lLo_^.'y I jU 

i>-jjJl ,j~4j ^s- ^£ jJbJl (vJ^ - (_^l oL~^<Jl jl i_i -j 

^1 kiilj ( _ 5 1p ^ ij»-JaJl L^jl^Ji^S' J_gjL«Jl ^^^ii ^jJlp p jij ^y&j ti^oJ&Vl 

j^Jl^ oL~>t_oJl J^o-xJj .5_JL>Jl 5j_w^\Jl 4_o«j_vaJl I j "I j-=^l I g • Lg- j» j-iJ 

^y> jl t 4^>_™>>J| ojLJJ <LjLiJ_w«J| ^^IjjiJl J*>U^ ^ ojU- Oj~_xJl oL^LLoJl 

( j~jLL^ J^o-^ ' JliuJl J^— " -o-^-sj"-^ ijj jJlSnJ^ jl oj^>-l J *>Vi>- 

^-jL-jJl jj—jLia Jwojc— Jj iJjL-JI (j^jjJJ (_5jI jjJl jJLojJI ( j-oLii 3jl ^^Jl 
c-..^Jj .oljLw^Jl j_1sLj jl ^jL-^J ( j-oLJjJ 4_jj j-^-* 3 ^l^js-oLSLw^ j^5sJ| oL« j '. a 
<d_^i jjbljji t(_5jl^j>cJl jJLojJl Vj t4jjj_C<>Jl 4^iCJliCwaj^ixJN I oUj b; Jl 
dDu ULp t^^*^ J^* 1 ~^ty^\ oL~^Jl jli IJJ jjUl Jl LJ-iJ 
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oU~><^Jl jilj Jwiil ijjjUl oLl^«Jl j! (^j^-j l-i-* .iSl^A jl>- jj 

.4jj^>J| olj^uS\Jl 

oL>oLj 4-/? a-k^<jl 4iLkJl li*>UaJli JAILS' jJl^J l\ «.<J| aUjLj^SJI 

^ j^Jl * j ./? Ilj »l j^-^l ij^^lj j_ol ^Jl ^1 x>J> 4_JLjJ| oliLkJl 

ij^^llj iw>^™ii^Jl (_J ji ix-i^/lj t^y^^aJLjl ^^j^ j^^^l l)^_1_I! I 
c_ a_Lx>o IJJj i o^-l^-a ]ajx-J> <L->- jj> ^L^Vl tl~>- ^j-a j g a O j II Lai .4-J«~Jl 
.i^jLl* iaj^iaj jj^l^o 4J! i^j^kJw j4^-ll ^Ur-i^l *>Lli 

L^jJjLa! jj-aj ' ^Wj-^ * j^l 4 W '• j-^5\Jl oL~>t_«Jl 1? ... 1 1 

L>*>L>Jl dUu j» jJLi .jj-wo-iJl o_) jj— >- jl jj^M J j< -~' (_5-^l j t L*^>Jl 

.^1 <J| ^Jj e-L j4^Jl ( J.-/' SjLiJ ^JajvJ LajL^i iJL>t>i (_g 

(_gjL>Jl tl^>t-Jl y\ s\jcj\ ^j^Loj (_g jjbJl jvJl™II ^ ^ ,j~>t-a jjj W"l 

Li*>L^ jt_y^ «L>Jl J aJl ^ LuliU JiiJj .4™^lJl iiLkJl jlJ jjj 
t jj-wo-^Jl «• j-vi JaLiilN (J— j& J^;^ 1 Lsjj-l 3 (.s-^l J^r- 9 u^ 1 o-^'j-^-S' 

U L-v^>c-a 4»o^_^ j g ^- ll cj!^ . g ><i^Jl 

I g *? jj ( _yJl J-O-Jl <Uj>c»zJ| ^a iL>cJ^/L ^,1? . a->njj 4_^>-jlj>- Ojli j-o-J 
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LgJl L<Jlp Ljj-yaJl 4lLiJl ojJj lij 'l5j-=^I oLJlSo .4i*>Lkjl jLSLa ^ 

J j-tsxj j_A t Lo ^Lx-o-j oij^-j 4_1s>L™j La^JlS'Ij t »j| ,,h ll oL™>cj j»JLs! J^-l 
jt-jliJl ^J> j .,h ll jjj *&Zj\ -jij •■<T-1\ 4_Jlp j'j-ij (.S-iJl i_£ j-)L_Jl * j-vi-il 

^ ^yLo-Js J^LaJ (* jwiJl SSUa oL^jiJl ^ijj ^ijJLJl all ^jIp 

jV-L^S . ^ ( _5-^- t ' '^J-T J-oJl 4_^L>cI-™oJ I oiLoJl ^j^o-vi O^J-^ j-oJl <W2jsJI ijl j-Jj 

(1)j-S\JLj) ijjjLj 4~A3 oLp j-«^>t_<J j j^jj Lx-a 4 .,h a ll ij\ j-Si £-*J>zS5j -jjj '/>~W 
f. j ./? 1| 3 jJLx_J ^jjLSvJ L«_j Oj.w.S' "■ 1 j_oJj (olji £^J^ (j - " G^^P 1 g ^ ••■ '1 

^£>| j_>J| jl-xJ d\ t (_g j-=~l 0 j-^ ■ ^ W . ., 1 1 ^j-l-f- •'li J— < J-A-J iJJj t aJsULJIj 

.La J^pLjJI tLjjUl 4Jl£dJ ^Loj&Vl £-JLJl i^LLJI 
jj—iJ ^jJ LJLp js^y^l dJJu ^.Lvij) 3jj^™Jl dLLd Ijl?- 4_£jI_JL<i oIjj^-x 

JjjLxJI J_pLiL> j! j-A 4jaL™j t— > jlia^Jli .(^j-vaJl (»*>Lsl «^ ^^Jl oLs ^JLil 
J jja (_cp »j II i 4 i ll j-ft IwJlp^I < _ r Lp Jlj La ^-Ulj <• Lo j-J> jLLaJl 

5j ■ ./? a s- j-vi-il ^L>- j_« Jl jja! j j^o 4- J_„J I sLx^iVl <LlL>- .jV-S*>L<>Jl <L>- j_o_Jl 

4jl)jl>c^>J| f-j-viJl ^IjJlj jljJ^AJ t_~>^L™j J^~^J j-f- AlLW ^ji-f- j'j-S-J ^ j-vi 

.i_^<L<JI j jlll ^yiSo 

«^L>«J iijjis ^ ^yj^ '^J-i ^r™ 1 "^' 5 JJvc-^ tij-^J 

4jlLi>^ 4JL^ W i kJt^flJl j! o j II -™^>cJLi3 oLijijj^LoJl La! .<LsAjsJI olji 

oLj_s<aJ <ui>^j<J jljJ^A^L LajLLp Jl^L ^jJl 4-1 ■ W ll (j-°!j IJl^» j-& 

.Lvijl oJla iaj^iaJl ( _ r ~ij LjISI ^ LMiJl J^>-*j t ^iljJl .4^-jLW 

c Oj ./? ll (_5-^l 4^>-jL>Jl J2jw2.ll ji^l JJaJl f-LLt- 

.iJLwo_^Jl oljLi^/l ^ jl^SjcJI o-bJLi y^>^ jlJ jj f-LU<Jl 
ijjj^Jl oljLi^ll ^jIp Ajii^Jl jvJ*>LJl iJbc^i JLijcJl JjJ-i J~>^° ji^l 
oljLiJ ^jJj ^LuJl iiLk 4_J iiUaJl Sy>^>j '-^ J< -; <_^i 
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^-j jJ^I j . ■ ^j-o IjlJLxJ Jil jIj La j-J» jli 4jjjLi j! ajjJU ol>- j_« 
c~~J 1 g '■ t ijjJbJl 4jULJI l^-iLa J^-«-j .^->L~>=-<>Jl jj-^ lSj-^^I 

4\*jLtJl (J jJaJl ' ^uS\Jl tlJJj i— . aJLS\J 4P j^JLa Jpl jja 4j» ■ .Wll 

^j! jLJ^I ur i>3 J w L*^^ .Si jJLJl a^L~>JI L^-Jlp p jJL; dUu 

ij^AJalj 4_~L^«Jl oLUjj^JI JbJL>J ^jJjj-^Jl ^J^-*jJl aLwo_™^J| obi ./? <Jl 

^LLp J-S^-i J-*i ■> j dlo-™^- J-*->^ (_g JJl histamine ^^b-^Jl 

4*Jl 4^-ji ^S- 4-X^I J-o^Jl Jl 

t j^jLva-<Jl p b ^jJ-f- k— t LJL>- . < g"L>J Ijujl^J C^LS\-i tlJL>- 4 .,h a->C^ j\ 
jJaj j jS jJuJl oLoJj- ^j-u™^ ^^Sv^jj .1 g ^Ss-Jl (_g JbJL>cJ c 

j! jMl jj .^j^Jl ^i^jcJlj ^Lj^SJlj ^j-^Jl ti jZS 

^ \i " . .. " ^-..v.->cJl ^-jjJJ iLLi 4 W .... i 3j_^j>o ^ j^>s jJaJl tiiJj jj-a C! 

^ JL^Ij Ijjbj .jajJl ^ jj^jljJl (_5 j^^l ( _ r J»J>cJ j-oJL™* ( _ 5 Jlpj LoLiJu 

4jjJLJI 4JULJI 4 ; W «j jij t ^L^S^Jl ( _ r ~L>cJl 4^-1 jj ^yJl ^j^Jl oLjl>^JI 

.j»UVl 4ijLa 4j<ii 
j! jjbJl pis- 4~i ^.W^.-.j L«-~jIj ^bfcs Oj^. UjJI ( j~I»>ijJ ^^Jlojj 
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tCGCGTTC iL~L-Jl olS (j—l^J tojl ISI t JliuJl J^-~" ^jJlp 

IS IJl^Ij Ik,^ jl ^ 11* GCGCAAG. Ja^l JL-*^1. dJUS J*i 
J^5 j^-Suj l)I t j^L>j) 4096 ^Jls- (_g j^>h jl t j-^-°-j ' ',_)-— 'I 

^j^^^M ^l«uIj_^ 4_^1*~J ^j^Loj lUj t Tj Gj Cj A jj^*^s <\_*_>jl ^j-a ( j>jL>jI 
015 ISI <u! dUS y £jc_> .(iiii^i 4_»J 4x4x4x4x4x4 dlluJ jl 

I Si J Lji 4_L~Jl~j i jl l^J-*-*' J j-Sv-a jl J^-9 (j-a ' 

15j 10 t j~) U <_5 _y^>o t kiUJ UjJI <1™L^ ^j^i j^J<w» ^JaJLs i sl_LgJL~ol ^j^^l 

<Lo_«_l/o 4_Jj 4 la '"Ij-j I " ^~ (_jl jji I Xj-j ^j>tj ( _ 5 -l-f' 4-~l~j>tj t L^iL^il 

/j-o <U^ ^ ^.oU LjJlJl 4.Q ,/? ) UL^I A^wwJl oJlA ^j-^-J ..k-ij-JLlI Sj-il^l 4^>J*>La 

^ Ij^Ij lk>Jl JLoJ^I (_5jL~j L-L-l 15 -^j-^ SJL^ ^ ■W™' ^-ij^ 
iij j5^<Jl jjLp^JI tilU 4_H>Jl oUlSLNl JLqjc-xLj j-~ ; * c - q -^I (_s9 

C-OJLSU 4>o C-?^ J^~^"l o-Lp £-s^J ^S^owoJl ^j-a tj L_9 j-^j <UiJ^vJl 

x^- jJ <L^JcL>t_« ( j^>l j-"L> <lL^5 olS j-^ i— J ^-~"jj— 8 (j-* 1 lSjj-^I 

jl ^L^s^ls 4^L-*J ^1 j-a 2iy>-^ ^j»*L*>cS \ .,h 'I ^jl jJtJl ol* JU>-^l*^l ^j^vo-JJ . ^-■■*.">cJi 

C^^Ji j5 j^i lj! i^j .oi^Ji jjUj 

aJU c (_5 j-iJl ' genom 
.^^1 ^\ ^^jj o\ ^5l*j t i l_^_j| oljwJj jj oU •/> i jl 

DNA UjJI ;LL_L~, jl oJu<juJI UjJI Lr J^J .^^Ul o^-ju^_; 

^yi i-i j-- o: W ll ^-oJ^<JJ L-~jjj LsJLa ^"""''sequencing 

.^Jb^Jl IJlA i^-lj^J (oJL^jJl L^JuJj) ^JcuJl 
( Jl^>-*_) .IjjJl e_3 ^j- 0 -Lo2JL**J oL-*w>c_>s ^ ***** ^j^-o-oJl ^j-^J 
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.^Jl^SvJI «t W .ul jj ioLp t j_^>r g^Jl J j ./? p- JbJL>cj ^^j^o IJJj .JLJLxJl 5JbJ_Ji 
jjj liOjjLoJl iJaj-i^l £yt yS\ l\s£ dJLLuJ ii-pl Js. <Jl iljj-JtVl j! 

gjj djj OJ c a^./aj jL^i-^l 2ULJL* cJLS' ISI I j~S\ c~~J cJl£ 
1/1000000000000000000000 j^J j! JL.-1 j ^jJ- jjj ^Jbiij N ^LJ 
(_5JL^J l)L5 I JJ .aJ j-g-~J Oj—iL-a (j-^L-a^! l)' j->Wl jlJuLo I ,»| jJ<Jl 

<u j-^aJl j^>Jl j^o<J ^& t* - *^ IJla JJ— i>o jis (_£Ju>-jj . SJ j g ... i L^xLi 
5JJij_Jl» j_a \a .^-^Jl) UjJIi iiJu<^Jl ijjJLJl i_^aJlJI j\ L^iiJl isUJ 
L>_a1jlpj^p^ij jJl^juJ o^jjjj iLU jlS' Jij . < '""' > («functionalized 

UjJL) isLjjNl) ^j'y>^\ i-3yc]\j (i^AjJl O*>\^ojl (j^La» j^J t_~AjJl j jJ 

^ i>jjUl Iw^aJJI Cj\ jS Jj<->^ IJu&j tiaJL^™*Jl UjJI 5Ja ^il J-^^Jl 

j^j«J .i j j-iLoJl ^L>-jJl ^s ->nj Li jl ^jl^- ' L^j jJ j^juj 1 g '■ . i Ls 

colorimetric sensors ^ jJJl J^Ju^l oLLj>J> oLL>^Jl oJut ^^I—j j jJJl 

^IjJaJ l>Oj^>J iijjJaJl oj_Ss _^~*J .(iijia-iJ (_g j la '. 1 1 ^oL^Vl OJL^ijj j jj 4jtjL>- 

^jLijoj ip j^j>^>s c-J^*ju>jI Aij ^— J ^ J ^?~ c_iL*i*5sJ io-L^a i) J^Laj 
oljJJl ^jlsL 4-pl . ]g \\ j^JL^jjjjj o«_^Lj- ,_£jJ Richard VanDuyne jjji 
jJl J./raJl ^ ob-lslj UJ Lisj ^r\i,* ^s- aLj^s islij j..,h->d iijjbJl 
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Cr° *i_s**) ^FJi*" -^WO' ^Sjr^ ^rij^ 



oLo-~~>Jl isLJjl jl (LoLwo_^ <u Ja-J^j I^ao Liojjj ^_s^jcl> 

^JaX™j i^-A-jJl 4jjjUl JaUJl dJUu j! (jli (jl; Jij t |JL=>- <tJU- AJLjJaJl 



J aV Jul jli J^i 



a't>' 




I 



/ \ 



jjJUl ^ Sj^UI JsUJl Mc^" eSj-^' (•—" ^ cS^i : 1 - 7 JiwJl 

j^L 4*^>sdl JsUJl lmS s JLft i 3i~sU o j^sM) <_i-lgJl UjJL JsLj jMI jp- 



. Mirkin Group, Northwestern University '. iiul j^a Jj»j i 
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(_£Jl!l ^j^J^Jl ^jycJl JLojCU-L) Jjj-^JI l_j jjVl J^o-P A^A^ bi^iaj JjjJ 

JS\ jLs ^yCws^aJl i— aj^ll iil^ ^ U! .^LijJl i SjLM JL-jJ lS^Jj 
j^>_J jJl ^jjs'jjc^ U>j^>-j .«-L j g ?\Jl j-* l _5 j!j> ^^ s-LxJdJ Lpj-^i J-j-J*-' 

neural iJ j^^ajJl olSLjJl ^^-j l» ( _ ? Lp p jiJ Lgj^ j»L>jj&*>lJ 5 jt* i_ i-iSsJl IJla 
^iJL^ jLjj -^->- oli ojLiJ (^jia-*-; i_s j— < (j-^ 0 J-^ d\ o j^liJlj .nets 

.jvJucj JJJaJl jU UlS i>olj L^Jl 'Ujj^Jj i-j ji^ ( v r c> <u! J^ils JL~~j 

LiJLLt- t .Li 4JlL>^ 5iLa <l«^>-LJ| 4_jL j j ?\Jl SjLi^l jujl>cj I^lSIoj 

4_)jL>cJ OILS' 

jj- iJI ^J>j^J\ i^LJl oljUJl 1— i-lS' oU~JaJ (Cyrano 
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( j~~"l Jjj .<LO ,_^J (j-^!j-«-ll us""^ l—^l j-»-oJi J- 4 1 jaJI ( j~~>cJLj 

. Nanosphere Inc 4j_j>bJl 55jjJl jJc^^jJ o^jjj j.j .til ki*p-LJl 

*^**j>t^} \ djLjjtj (J La.*.*^ Li .4j^-j>cJ| C-iL~>c_oJl LjjL^t^a ^jj^y^j CjI*Aj ^^-ll 

jL~j~l (jilj ^r^l ki; LI** Loli L*b_JLSL ( _ 5 Jl L^™ii UjJI <uLUi<>_; ^ ^~>Jl 

oljL~>-Nl <Ip j tal i jLa j-Aj Lo-Aj t <CU^>cJl o ^^ptJI c-g--.t^\J ^JL*Jl ^3 

olj^iNl j jjJU-L~<Jl ySLw i_i j-x (ojj^Ji aJj^I ^iLjjJl) Sj ^JLjl 

>— al .^^ij^Jl > Jl^tj jl olil_o<Jl SJjU«JI oljLxj^Nl ( _^Jlc- 

i^j jjj i_aJL^ ya jjj_^LoJLi i_j j_wu ^ii^ljJl (V» jiI (_g j-ij ^^L^-ll jl ^LLo 
Ajj_>cJl ^jL~>c«JI aJl^LSL^-ij -j^I *J j g ■■• 1 .iSjb«_«Jl oU-Ljj ^jL^JIj J^L* j-ll 
-Luijoj c (_5jl jjJL) cjI jLjl>-N I j-*-^ ^Ij-^i jr^^ J *^- > ° j-^ (_5*^ j-^*^ j-^-v 5 

lilj .UU- U_a L* j^f-j ^ilSCUlj a ■ ,/?>Jlj jlS^JI ^l^Jlj J—JJ <Lol ji^l 

jljSUlj k_JiS^Jl *IjJ jLxi^l iL>ejl (V Lo ji jL^Lw i_s j-^ L^li ia>Jl L-^jilL^ 

^ La^-pj Nanosphere 45 jJJJ j-SLoj cjULLJI oJla JL>_*jl^Lj .IsLj^NI 
oljLii-l ,_L»->^> jl 5jjJLJI iJLiJl ( _ r Lc 4-a-3L«Jl oLl^^Jl cJ\S jZ> 

J^M-Ujl oli jlJlLJl ^ ^JL>- iLoLi j j^J ^yj-SL; j-^-Sj iLg— iva-J^j 

iju jJs> LA5 j-j<-j t— s (_5~^l ^jjjLJl iiLflill j*-L^ £y> <■ y>- l-^-*j . 4 •/? a->^<Jl 

.5»iUj| i±J*>liJl Ol j^™Jl jl i j ; ^uJl J*>Li- 
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128 ^Jl^Jl ■ 

130 *1j-dU Jbj^Jl ■ 

133 i^LiJl ioj^aJl i>JUJl ■ 

134 i^yi olS">«Jl ■ 

135 iJj iw^Jl oL&LJl ■ 

1 37 obJ j ^1 L<ju ■ 

138 jj^Ul it^Ul oIa-^JLJI : 1/>UJ1 JLp *j^> JaJLj ■ 
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jLSo! ^Jlp JLpI— (^JJl i_- . . W ll c Paracelsus ^j-^Jl^I jL j g : .tl 

Jj! jlS <bL i^JLp ^iLJl Ojiil ^ i^JaJl kioJL>cjj SJU>l>Jl ^W,^ Jl j j ./?«Jl 

.1 ygj] ajj .^^*>lll jv^aLLJI JL>jc-xL> Jo Jaii ajj ./?p*>11I oUJU^Jl jUuc-^L 

* g 9 ,J^a>cjj UjJl t.sLjL^S'l LjLi 4 g j j^AS- *>\j«J (_£ j^j>J| i_JaJl J g JLiJ 

j^l *j' iSjLisJl t_ij iillj ^1 y^/l Jwo-P ioLSJ J-^ail 

o*>ISLl» I ! oL>-*>Lp .jL>o^/ aJlpLL Si ^j<^JI dlls JL>_*jl^I 

^ iJLwiLwi is jj<^Jl dHs J*>\Jc— I JLpL~j i_i jjUl jvJlp Ul .S.JLJNI 
j_a ,_5jjUl jvJl^JLs .SjjJUI oLJj^S^J^I 5_JLj_waJl ^j-LxJl ^ oljj 

plj . g ->L>ijj jLS\_aJ (.s^ (-£ j->LJ| <_£ j_^>Jl k_JaJl ^ ol^jjJaJl (_g j]aSJ 

IJlaj ti?-L>Jl i_~~>o frljjJl (_5*>LWij *L^S' iJI jv-~>Jl ^ ^jjJJ SJuLi 
US 

j^$L>tj jUaj— Jl «L>jLj<_a ^3 jsjJijJlj .<l^*>L^5^j jL-J^I 

t <cl™>c^JI «i^>-j^Jl *upL«-;^I j ioL^>^S\Jl <i>Jlj<^Jl J^-i -^^j o 

5iJL>ti<Jl iijjtxJl ^LoJul jj .(jUs^Jl ^Ijjl ij^j<-J ^UJl ^">L«Jl jj^o jl jl 

.LoL^ ^ jjUl sLJip I4LWJJ i_i 



j j^oi 1 g .,h *->j .ij^iS obi j^sLixJl 
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J iij~' *-~ij?r J ^^2-^= <J-o y>" ~*j~> 

oLl^jj j-)J Lo <wL>- j-'J-' *LoL?-l ^- J ^-ij s T' ^ i J oljJsJl 

Cis- jLWj—Jl 4j>c3lS^i t^j^Vl <CjjJl oJlA .,ff'Jj .Lgj j»_™>Jl 

oljUa» jl beta blockers Lo olj-^L^ J^J IjJtS' JiapI objj^-j tPlatin 

L)l Jl>Jl (j-ai ^LiLoJl AjjjU ijJjj>Jl JsULxJl dJJu ^ b d)l Jj I Ji-ij 

Jl~JIj isLJj^l jl .(j jJLJl Jl^JI J iS yyi. o\ JsULxJl j^JaJ 

SjjC .4jj->J| i 9l JLa "i/ 1 J^iUcJ lygj./?>- j^aLijJl jv^waj (j- 5 *" --^~~! (_Sj->LjI 

mechanistic XJVl jlSLi^M La jj-L>o oJla ajjJUI ^JUjJI ^> S jjjf 
^jluS"^l jl I ^JaJ t JltJl J^— Jlp .jLSjJJ ^ i-sJLfJl j-p "' ideas 
o*>L^j_oJl oLs_ij->J ^-LaJj^/l j! ^^LiiJ^/l JUJLi j_JSJ LJLi- 
j-jj JjI~» j J«->^ (_^-II i-J->j->Jl J»l j^>Jl) neurotransmitters i_J j ■ ./? «Jl 
Jl^JI J (J'JlJI ^jJajJl jijj t(^LojJl J synapses ^j-_vajJl o*>L^> Jl 
tiLLi j_~aJJ i> j! ^jlo-j y£ jjJl dUS o^Lj J ^LuJsNl obi ./? <J (_g jJLJl 
oL_ji~^«Jl Jj Jl ioLc-J J-°-> .Lg-tLojl ^^sl ji~ JjJb«J J *>Vj— jj^i objjj>Jl 
jj-jij Jh^*" ■ *— 'Li^^l ^jj-il k j&-*-> <j£>\ j&\ 4jJL*_<>J 4_x_>-L> <UL J3 . . W !l 
J^jjc— J ^ULp jij^H L^-«j oU^L>cJl ^yi liJiP ^jUjJL <l>JL*-<JJ J^/l ^4^1 

.jJb^l 4j>Jbw J j> Jl 

ojjj_—^ J^"^" -^- t 'L~is 1 4_^»jjj>cjJlj ioj^xL>cJl tijjjLJl ^IJaJl Us! 
Jw«jc-*I tjaL^II oJla J ,_5^j ' jj-oj—Ju.iljL J .^<> ./? jl Jj ^lJl^c- 

.ULaJ Aj> j$a<> j^- LjJu^- Alii C^jlS jJ ^jX^ <l>t>-lj OJb LgJ'y j~9L«J<Jl ^ j-iS' 

jl LJ» 0 jLii-l -by ^/J jlijJJ <uJ UJI 

J^J ^j^o 3JLaj«^JIj iLjJaJl jULxJl jl ji\ ijjj^i i_jl_^l 1 j| .4_4jj_„j 

SjjJUI JLixJl ^ 1^ j! Jl 1^ ■ FDA iuSjj^l f^liiJl j el jjJl 
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J^t-LLJl Jl>-I jU L1L0J io j^jLaj iJbf- 3 ^ .,^->nJU oLJL J^*j<-j >— s ^yJLjl 
US 

.oJjli ji^l f-lilj JSI ^jL^- ^1 ^p! oli 

'. <LlLi-s 1 g . 9 j j^sJ ^_v=>l oLsjj->Jl JL>tj jl jv_^_«Jl L>^^Lj 

jl k-^>o >L^jJ^I olSLs^j t^UaJl k_^AJJ jl k— >o >Lx^SNl olSUi» 
Jj k_^AjJ jl jUaj— JJ sSUfl-aJl ^JULJIj tiL^-^/l Jj k_^AjJ 

*ljjJl oIjjj^- ij^-j bioavailability ,_£^~>Jl ^iljjJL JUs-ajj .^IjjjI ^'j- 0 
ilL«wo jSjZjj .SJjli ^i-S'l j jSsJ tl^>- j ~>cJl ^3 "^L?- **-»-> j j-So 

Jj (j^jJl (j- 0 j!^->- Loiipl ^~*Jl j&\ J^l J^"-^ J frl j jJL JjjJXjI 

,uL» yaJI (_5 ^~>Jl ji\ ,y> j^j- 5 65 
.Jl^jcl^JI jJ I ilsL™S' <i W. ... 1 (_g j^>Jl jil jiJl j j5o Lo IjiU 

Lo Jb^ Jj iiLv iL>Jtl™<JI AjJiVl (j^2-*-> j J-So *>Lta ioLa-jSJl i>jL*-<JI Ji 

^j~>~ jl j^>Jl ^3 IXwj I j-jlj ^ jr^ 0 -* 41ajol**aJ1 <u^5\J| o^Ljj c L^Lo-p 
^ y o^-iLa sljjJl JUsjJ jr^-"' ' jr" -^^j Jl iJP>> 

jji (j>jJl J jl ojjU^JI s^LvipVl J ojLl^jl J.J ^1) <Jl>ti^l J.J PjjJl 

Jjlj SfrLiS' (J*! jl 4-jLw«_>5vJ| 4j>Jb«^>JJ jj-^l ^-..v.?Jl J jl 

.Uuji 

oj_A .c_aJ-*-oJI s-ljjJl j^>tJo p-^*>«j| ^j-^-s^ j-7^1 4-^-Jl ^JLaJo La-U-pj .*-lj^ 

^jS^j (^JJI j^Jl jj j-^J-^l ^ J^r*^ j—sLi-«- jj-ij^jJ Li_s iij j\> 

fr W ■ 1 e-ljjJl jJLi ^>JL™j jl ^ J^L^J ^-j~-i^/l jl j» jJl J 5 ^_<i <JjLo 
(_g j_^>Jl ji\ jjJl Jji^lJ L^JLj l. a </>"•" a ... 1 1 (_g ji^l 4_ij jja ' l -o-'J jr" 

^ 1 1 j ./? il *ljjJl jjr a j jl t (j^jJl jj-^ Oj . 8 oJLa 1 . o a c-l J^Jl 

oiLjJ IJla (_5jj>o .ajjJU oLq^™>JI oL^Lia .^j UL^I jl t Lo^-U Li y>^. ^ 
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JlioJ jLSLaJ L^jji i I j-i^ jULpI f-ljjJL JUjjiJJ jJa ^jj Wt UAj! (_g 

ya S^^-Ji ^jj-c- osLiSo *ljjJl y b\ .L^JljJL>- ^~p L*>l>Jl s-ljjJl 

( '" ) sickle cell anemia ^jJ^L^Jl j»aJl ^Ji j-a t^l^SlI j-a ^ I^^-aS/I 

jyS- «^ialw ^ ^JL5j<J| oLoj^- ya • <_^i tljjJl JLWjL Lgjva 

^P »LjLp ^~P LoL> j j 5 i,.\ia".,..a oLjJj- JlioJ <L) jJW 1_™~J <C-L>J| f-LLp 
c-(_5Jj>J| cjlJJJ ^^A 4_LSLJL<>Jl oJlA ^jJ-P ^JLilJNl (JJl jJa U"^ .k_JaJLl™a 

oJlA LtjJl j_jLtP Jj«j>Jj j jixj <Cjj>Jl jj-a-vi i~J j-P j-o-^ LtJ 

kiUS <jpl j-^ ■ ^LJLiJl ^p La^j 1— ^0 a1L>JI ^y*~J> 1-^- 2 ^il jLa 

e-LoJl j jjL) J^LAj ^L^j - ^ ^L**^J jSsJlj .JjjJL^J jS\JL LijJl >2-J-*j ^A 

Jju U IJlaj i, iJUi ^sJlpI ijj^; ^- ~^ ilL>Jl sJLWiJ j-SLoj JjyL™Jj^L!l 
JJjjJl o*>\ j^j^ ^^jj-j Li! .LxJLj jj-SLj j! j-SLo^ Jj jJl™J j_$LJI j! ^5-L-p 
tfrljjJl i—kAjci iL>jc-^Jlj t ijjki oLoj^- ya ol^S ( _ s Jlp «L*jLiJl t liposome 

Ojj^i j^jy\ J-^ 1 (cytokines oLuSj^^) J*>L>J*>L] iLLi oLuJj^j J^>^j 

. jLW^-Jl L*>L^ interferon 

jv-j .4Jlws jJ i_ ^>cj (_gJJl *ljjJL ^yXjjjsxJl ^j^j«jJl <Ja_x>l jj (_g jJUJl . W. «-oJl 

j»jX>c^j jlj AjjJLJI JaLiJl lLUj iS"j>Z jl |%- ?Jl ^jL^ ** W '. ica J ji>J jjSCojJ 

«ykl^>j (_£] .L^_J j jixJ j! k_^>cj ^^Jl ^-vil j^Jl (_£ j~Jl tljJlJl jiljJ ^ 



(*) 
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oil jj Ljj iS^>J ^^xJl iij^iaJl (j—i-i jv— ~>Jl frljjJl ^ii <U ,/?>c<J| i jail 

.Jb ^...Ig'. ico <Ua .*! iljlis ^Ja .* -Aj-^>J| 

oLijjjf iij^JaJl oi_A ^-vi jj . triggered response i^jJULjl 4_;L»^— 

.^JLjw j b i L^jLiJl l< la a ." ...")) j 4 W .t S JJLpu , ->Ji\ {_y±-~J> cljjJl 

Jj>c^j ^ (_g JJl j-o-J j^j i- iLi-oJl ivi j-*j>J| il .,h o j_& ^iUi ^jJlp Ja... -ll JUuJlj 

^ji^U Jby jy*^ N j-«^>Jl Sl../?-a jj (j! .ivi j_«_>Jl JbJLi Ja-^j ^ 

■ ^^o ./? g ll jl^J>Jl ^ <lvi j^>J>Jl oJbJLi 4juL ^ys-jUiJl (_g j^kJ jjl ^j*>L>Jl 

J^-li C 4_jCw2-Jl jl la«-ll 4-ilj la . il ^jjjScJ lx_<J £-o^>iJo (_5^^ ' J Lj^>=-ll J <j^-o-J 

AX^uLstJI 4_j| j) lj . I ^jJ V*-a £~&J><^} jt-^wajJl j— ^ ^"j^-J .j*-*~>=-ll ^J^*~ jl 

e-Uj ^jj>y>d]\ ilaL™^ 4 la. ... i il) jSo j! ^jSC^j oJjI>c_<j SjLiN ^i>^jCj L>J^->- laJis 
.j»jjl jlj ^ pUr! a./?ll (J-o-^J Lo-^ J^>-*J jl jj^v^kJJ .iaJLrf? jl ,_pa3 jl J^L-" 

^JULxJl j*t£ ^jjj ijjjj>j| 4jjjUl ijliJlj ^jiJJjsJl jv-wo-vaJl <j;Sl AiJ 

jU^J^I t_r«--4 L° ^-!^> oL^LfJl j^ttJl j .50jJL>JI i^SjJl 

LLp jU>^jNl ij-vai-<Jl ,j~J . UjJI ^?JL<^Jlj suicide inhibitor 

SJL_<k^- oljJJ^- ^*j>iJLi L^1j>-j jI^cIjNI jj> IJLJ .^>hIXj 1 g . .. a i oLojJjNI 
4JLa_Ja j_j j»L^aJl JjL>tjj o j_aJJ L^_j! jXJU (_£-iJl jv-jjJ^/l l_A^I_<w 4_Jo 

oJj>c^<J| <L^Jl J-*J«-J .LJu^ (•jLij ^ <u! Jb^ Lji ^Ul iajljJl jji^Jj 

y>^l Oi I JJj toJL^j ♦jjj^fli' (jLL«J| *tij4-J 3JUJL>Jl 

oJlA ,j^aj<_i iU^/jLw' oLS'j-i O^t^j! JLaJ .4_o» . . W ll 4JoL_ls jj 4j|il J *>Lj- 
Richard jl^j-aJ-;—- ijLl^jj j_o^>^ L^Jj^Jj ( _ 5 jJ| lULLj L^j^ j tijjaVl 
^-jIjjlS'NIj ^jwaJl JJ^ o*^L^ i>JL«^J jyL^jjjjJ i^Lj- ^jJ Silverman 
jL^clj^/l «JI y> jl .^j^jjj^ll J-*-aJl jj-^ 1 j»L* j j^La Lo-f^ 1 J-S' ^ji ^j-j-i-UI 
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l _ylJ^]\ ^y Jjlii j j-SvJ jl (V^*J dUJuj t^^ojjJ^/l IsLiLJl ^ JL>tJ 

La^jk; JsLJjNl c~~~ ^ o-bjiJl UjJI J^>ljj- <y xJc^J 

<U yS i_jLjLS" i j5^o_<Jl y 4j| ci-S' IxJLaU t ^L«JI ./? all ^y UjJI ^jJj 

l>c^-lj jv_^JU>Jl jlS* j| ^JJJ 1-$-* 4 j^ J ^->=-ll UjJI <U>, J ^jj j&J <Uljva 4j 

J^*-^ (j-^-^-i j-^JI Ly*-? '^H J»L-jj^/Ij 4_«_^2_J| jjJl*J| 

^y (^-o-j jl i j_Sv_o_j ( j^> j_o_Ll i w_~^oJl LjjJl jl t ^ j_SLp j-^-f- i»LJj^/l 

j jULxJl lo jl ^\ I jiiij .oJUJL^J ^ y2\Jtsi\ J ./?->cj tiUJuj <UIj i_a_pl_sAlJl 

JL>j<jujI ^j^u Jii .<0uj<ju~j (_5-i!l ^^ajx-iJJ <cLJl jlwi 4iLs c^iJLjj 

tw~5^Jl CjLJjIj ^^^-^ 0j^x5\Jl LjjJl £(_£Jj>tj 4j>JL*»<aJl AjjLiLa Jpl jJ^ -LoJ_*jj 

J±«Jj jJl J ./? all LasLJLsU ^yJl <uJ>jl<J| UjJI ikj-il *j .,<? 1 ^pL^-^Sol 

oJb^i oJ_^>- i2j jja j-'ji UjJl ^y j*_«JuJl JajljJ j^j t4jj_^>Jl Lgjl a . . W" 

k_JL>- ^jJ^ t ol a.-W 1 :]! y ^y L^JL>jc-jI 5j^jJLj j^Jj ^»j>ci! l^jVlaSsj 

.ioljjJl Lgjl a. Jaj 

jl k_ suS tS j-i iSj-^-i * J-0 oJb ip-lj ; Lo j_aJ J^-a-k jl 

*y * J 11 jjJ jl LqJ_p . L^L° ^jj>o LoJ^>- j jJJl jJLoj LAj^p (■ j./>]\ 

jM tijjj^l *L-~Jl j jJ jlji- Jj iJaii j^^l j>jJl j jj ji yj>-\ 

.f. j ,,h II <L>- j_« J jja (_s^ LC ' >i-»i*i ^° C"^" 4 " '"I j-^-^-d lS-^I * j ll jlj_l» 

0 J~*-> jjJ ^ J-^*-ll ^-~~jJl LA^>-P j^>-) jl jiaJl j^>Jl ^ j./?ll ^JaX^oj 

^_-^jd photodynamic therapy ij^L^LjjJl iojwiJl 4j>JU^J| ^ j 

i^La« jl jJ^J (j-^ 1 (j^*i (_r^"J^ fr J '' ^ ' *^-*^-dJ j*-~?Jl 

j^~^>Jl jlS lili .f-L-il oJLp J^a^o jl ^jSv^kj JlSJjoj c »j ;h\\ ^yiSL^3 
^_™J (_gl t j^>t— Jj <C_px— J i_s j_wu p j ,,h\\ iiUa jLa 4_JJU<_a ijjJU 4 a a S Sy^a 
^IjLiN LsAjI «• j ll JLo-xJL^iI <CLo«_a 4_J_jJ->- JsLij J-JJ jjL>c_<j 
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. Iaj^jJj t«iL^>Jl ^Ijj^l olijj^- 

^y^- j! t LsL-o-Jj 4_JlpLil«JI 4j>c1^jl<JI ^>^~. S^i\ oljjj^ti .<t_xjLiJl <LsL_«_^S\Jl 

Si IS aJlpL«jl<J|j SjUaJl oljjjj>Jl j-a loL ljUI» dLkJ N i i-jL^-SJl 
0 jSo o\ <u^L^1jj-l!1 S^j j-vta.ll *l>cJL*-qJ1 ^3 <lLo-x^~oJ I cjLo»«~>c_1J ^jS\-o->j 



.U^lfX-* l-^->^~SI ji^j jl j-^-jj ^L«-i)fl ^' lJ 1 '(U-i 

CjUjJ^- ^j-a c <jjJj^>c-a Sj jjU 4-*S\-woLIjAJ| S»o ^yaJI 4_>cJL*-qJ| p J-**-* 



^L>ygjJl o*>L*^Jl is ^ diii i)oi! j^j .Jaii JJJucJL to^isJl ^j^^-j-JI ^^-Jl 
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i_ijQjj i—lji molecular motors i^J>Jl olS'^>^Jl LiJ-liS'l 

adenosine triphosphate ATP jjjj-b^M oLL^jJ ^"A-i iiLW ./? i » jJLJ 

Jj j (j-*- JjJ-~~« JJL*_<j p-dj-'i l-*-*j • ATPase J^Jl ^-ij-'l 4 ^ '"^ j-i 

j»-™>Jl ^ oJbi- j^jl AiQaJl 5Ju^ ATP Jl ^ ijjj>^Js\ iSLUJl 

jjJJ ! *>L*-8 ojljjJl 4j>t oJl jl iS^>c_<>JLS' j» j-Jlj ^Ji^ j-vaJl ^jjjj-oVl 

.rt_>j_;J>Jl ilLkJl C-AjUaj ^ ljlj.il (JPjj Lfjl j»j g C oJl J-a j^l 

frbjl 4jil^>c^Jl 4_Jj>Jl oLi ^il <Uil ^ ^ LsAjI 4_jj^>J| olS^>c^>Jl LuSLoJj 
JJLj (_g jJU ^J~±y>- ^ j-* kenisin ^j^SUlj .AjjJukJl <LjJI t j-<wi I4JI j->o 

.jv-iljJl ^ oljl Wall ^ ^jj idUJu J-*J ■Aji>«Jl (j-*-^ 

jj-Jb jj^j jLS'j tprestin j-> 5JL>Jl oJla ^jJjjj^JI iij^^Jl ( _ r i_>*jj 
.4lk^^ {y> Jj! j^^jjjjj 4jwL>- ^jJ izsy^>w^ Peter Dallos 

4j jjLJI ^iJJ j-^^ 4iLWj LpjL**J o\ <lJjjj>cJ1 cj15'^>c-oJJ ^5Lo-»j 

O jjJaJ t _ 5 ^-ll ^LJLxjJl oJUJLiJl Oj-lS\Jl ijjjbJl (_5~Jl {j~> ^^ij 3 *^ Cj\£"j>u>S\ 

.5L>Jl f-Ujjl 

IJlA ^ j .(oMUJl ^yijy ^jj) JLjC— VI -Li *>Ui C^wfl jl t^yUaJl JykJl 
4jLaxJJ ojjJiuJl ^ilJLA^I IJ^Ij jjlSLJ j^U^I ^Ji\ ">UlS i_S j-^ ^JaJLjl 
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>Lj c neuroelectric interfaces iJj^iSU^I £LysjJl oLiiLJl j_a j ki>jJbJl 

. <t ■ ■ ./? <J| <Ju>J>cJlj k_~wj jjjl J^VJ jj-" jr^*"* olj~g->o 
k—iLJLS' /^o ^5\^>J <LjJ^>- <LJj s-U_> ^^J^l ^~v2^Jl ^jlxLoJl s-L\j k^-J laSj 

<u ^jJl>ilJuj >t ^>-jL>- i j j^»iL>- «t W . ^1 j-j 1 g . a 4 . . ,/? «J| o 1 1 1 

<LjL> j ,g ^ oIjLjJ ^-L>_.,vJ 1 J*>Lj>- J^jL^i jJl ^_.,«.^Jl > j \ ./> c-l .4_)j_^>Jl 

LgJLo^- y Jwa^J ^LojJl 4 ,, . sta *Jl j la', o ll ^^JL^wJl k_wa-«jl 

dJUJ j-y^Juj J^>^™j j-SLojJl jj& ^Jj jJlSJ^II o; ./? «Jl ^JjlLJI iiLaJ 

oLjj^- ^-aj t molecular conductors ^IJjJiJl <_P'_^' ur* ia^">ta ^^iJl 

dJ^L-SfL, ^Jl ol* J^yj .0^1 L^i ^U-^ pJlL" JJiiJl VI 

^JaX™j C~^>o 4 . . ./? iJl aLo^»cJ| jj-<wi 5iJb Lgjtwi ^jj Lvajl k_^o k k_™^>iJ 

k. a » .,<■? i Jilj^j j-»^l (V» .^JljLa ^jJwJl oJla ^jJJ i^-L>Jl jl 
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(Lou Gehrig tiL^-f jJ ( _ s - : — >Jl ^jj-o—^Jl 1 ./? : 1 1 

o: ./?p (- yi^ a J*Ai»- y t 1 j— <U- pLki^l liLi . t _ 5 l^Jl jl ^yL^aJl JJlJJI ^» 

jLsJaLi .4jj^j>J| oLo j <Jl **>L>- oILjJj>JI ^y oL-Jjj-Jl jl 

t j_a I g x_wo-^- iJ j j-^xJIj o*>\ *Jlj ^Julj jlLpJIj ^_jl_v? > yi 

^^sl y i\ ^jjs-x-ij .oL^Jj j_Jl ^y-& (j-* j-JLSj j^Jl 

Creutzfeldt- i_j _^5L>- - o-LL~ijj ^5 yj yS\ j y>- LgjJLs»l j^j tijLi^Jl 



jj>o frljiail) ^w>w j~p *>l5Li ^j^Jjjj iL>ol 5isL~u j»->i^J t ^ ^Jakob 
<L^>Jl ( j^>l ^ bJU- UAj! b_Uli>- Ills AjjJa^Jl ob-Jj^Jl i_J_~Jj .(j^Lj- 
.J^l^Jl j»jJI Jtij ( "' B "' ; ' ) Tay-Sachs Lr J^L- ^ y> J-J ^ 4jjj_j^Jl 

yi iLjJa J^*>L^ yi oL-Jj^Jl i_aJllj l ol j_«_J j-Jlj UjJl jl j£- ^jJlpj 

j_«^>iJl ^o-™!! "bji^Ja ioJ^>- 5Jb>-j 20 t j_JjjJl ^3 JL>- jJ .iJjjxJl olJL>-jJl 

IjjjJa s-L-^-^l *LoJlPj ^j-wjL-o-^SvJl CjV^Sj jj k_«5' ^j^v-o-jj 

protein engineering oLJj^Jl .ioJ*>U iLji iLJu^ ti;j<-JaJl 



(*) 
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oUl l)jjj->>«J| l) j-jliJl jbc-^l t jJijjJl J^>J>o UjJI l)I ^jJJ I 

,yj iE. coli ^ j£ L-Ljj— 1^/1 J^-s t j_a 4 a . .~j oL^fl oLuJjjj '. " 



^ ol a . . Lg_vij<-J O-llSj tiajjJaJl oJL^j oLUjJj-JI t j_a j-iS' 
A^rJ (_giJl t jL-jNl ^oJ J^»L*j iaLcuJl dDu 4JLa-LJ| o>NL>Jl .k_JaJl 

(jUaj ^yl-f- t_JaJl ^ J^>jC-~jj 4jj^>J| ijLaJl 

^ jJ^J>cJl (jLo^JU^bj .ol^JjjJl ^j-a 2>^S* ^JlS *>l^_3 IjJ^ L>r ./? ) 

j» ^'"'post-genome j»^^>Jl JL*_; La (v-^ ur^-^ ' 
LyLSj oLlJjjJI aJlxJj La i g a 1 j^l jL-^-SLs oL-Jj^Jl """''proteomics 
.US 

i^lp j! ^_^»Jl j^s- L^S'y> t J j-^^l ^r—J'j W*^*^' 

SjjiVl £\)JJ S^J-^ lS-^ 1 -^J-^->=J jv-A-^L-o j! ^jSloJ iS jJ>J| l_JjjC3 .^j>^jS 

A^i jS ^3 5 jj^i/li .IJL^oJl ^j^s 4Joj>hJL™« J-* jv-~->=Jl j-P 1 g "S' y s-Lj! 
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Aj>- jj Mi L*>l>Jl LI .j.sla<» lJlJ>\S ik^ljj j! iLjjJL L^Jlp jj^*JI *yti~Jj 
L*>LiJl L^JLSLJMj Lg_a j^>- S:>Lp <uLLj ' it jj>Jus <L)iLo Jjjlji I g '■ ; j 

J>S> J^-^ W-*^ b-^ jr^" ■W p J- ; (>* lS J>-^\ 

.^^jisLiJl J^J a^sS f -?^l lw 5 j5 - ;; * c -' L - ' j-*-" 4^L>JL> 

calls' ISU .L*>LiJl ./? i ilSLiwoJl dJJb (^jIp *LJu»Jl i_iiJl ^^UJl ^ 
jlS tLjj^j i>w=>lj c^j-^^l LMiJl cJLSj t f\jjsj>- LMiJl ^ iup 

J cJL**L-l ^Jl o^i*Jl o^Ml j£J .iJL^Jl ^Lp j>uJI J4-JI & 

tULu . g j )l jj-^ Jlj L» (j-^-i .ywl jl j •/? 0 jJlj Lo<— i> ^^ksJ 

4_i_ ; _v9 > yi ^j/? " o-Jj . J^>_*J 1 --L« f- j ) 1 .,h i\ oL^-Jij^-Jl 

oJLp <u>J coils' lil IJJj c 4_A_]jw>E~£ oliijJ oli t\yj>\ <mJliiwJl ob-Jj^Jlj 
(_gjL~j frj ^aJl ^Lw» jj-" ^Jlp ^Jj C~>d^l C~s Jl ^ 1 g • a -^j^j ohlp 

Uj&Lpj^s^ij (^jJjIj ^yiJj^j A. Paul Alivisatos ^jJI™jLJI Jjj ^Lp 
dJJoj . luminescent tags iliH^Jl L ,/? Ul j^l ^j-L^J ilSL^Jl o_La 
jljJi?- J&-\ ^y> 1 g'.CoJ CjLujjj-j ULp 4JLL*_a JaLij L Ul 

|j_A . ^L^P jJl ^\jjJj^>^ P jJ>cJ>oj (isL-*j L) IJJj C 4j j-^>cJ| CjIj jj-w-*Jl 

ja>*j> Jj<->J ^j^Jl t f-jyaJI iijJ ^ J^~i ^-~>^> oLxLt<JI Lj^S-l lil <ul ,_^j<j 
j-o->^ J-*^^ cj*^' iijjJJ W^JJ La.pl ./? o t^!>Lxj i^j^SLil isLijJl 

jjj .,h ij .»j )l ^-r^ 1 l j~ a - j Lo-^-J-S' ocLsi'J (j-^-°l 1 Vibj ./> Ul (_5jj-l 
«Jl 4j«^v5 v yi JuS'Li^s ^j-jlLSLvX^o (JjLs^aJJl oJla (J^ 1 *^ ' 5Jl>-Ij 

<l™flj C~S jJl ,_pLvaJJ Jb>-lj j jJ JUu<JUjI jL?v^Jj J 1 ! 4^kjJLflJl 

L y>\jJ-Js\ jl ^-A^S iS J-i J-*J ' ^ ; ■■■ ; i^JM^-oJl Jjl ^2 Ul j»-Lp j} 

Liol -Vij .4J j ^ ) 4_^Lo»P jl ^ jjljJI j»-L-*JI ^3 4jLJLl^aJ I oJ_)-L>cJl 
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eljj Lo^iLl^S'l Ji-*J Quantum Dot Corporation iS'jJ* ^jJl™iJlj ^JujU 
4jJ jij iw» j^SJl SiaiJl isU>J Qdot Jl ^ . Qdot 2L« j-LSJl JsliJl syt l^JU^^i 

'UjLS' 1 _ 8 J^sJLJl .4 a../? I ^Jj ^us^ W^-*^ 4jik>t>i J^l jj>o 
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142 oLSj^s j t l$i»L&l j f SSU? 

147 «• j^aJl -U jj" 

149 jjb 

150 <JU*L-I j e- jjal\ ^ 

152 0^/1)11 

153 Sj^jUl j^,^Jl w^jjUI 

154 fcjUl J-S^ 1 oli j 

155 /IjJUl 

157 ^tl^lj 0U3JI 

159 oUUJl 
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SiUJL JbJl (.Uia^O ,^^1 ^iUJl jl*- Jl oLJj^^l cJlS 
jl j^jl^NI Jit- L^JjJJLJ ixi ji-oJl "LL^jJl *if 1 jj ^LJj j^JNl ipL^ai .AjjjUl 
tiJUxJl ^cil JiJl ipLls oLiiJ J ol^~J«J JUoL LgJljL5J ^^^^J J 
t4_LSLJL«Jl o-L^J 4_lSLq_j J J^>- oJLp j-j ijjJLJl ijLijJlj .JjIjlJI t j-p ii_>c_o 
t£l Jj jljJ->Jl Jjjj ^-j^LJI J l_™-Ij^JI jL^il j-a JL*J L4JI 

IJlAj l( J^ .<! ,j->LJ| oL>- J^"-?^ (.s^^-^^ i SJugJ 1 ^j&Jij La Jj ' j-=~l jlSCa 

. pervasive computing ia^jJl ^L^JiJL J-~j La Jp ^jW^ J^JaJl 
ic-Lwj oLJj ^i^J^/lj oLj^ ./? JU ajjJLJI 5JLixJl <lJlp ^ jl?'.* La jl "iM 

oLiwaJ .JusAilj ^-j-^lj jJw^l <L>j J^-° ^-w' Ij-Jl? (_3j-Aj iaUaJl 

Jj^JL *lL^j ^>J| 3*>L~oJ| J^P LI-LA *-^**> <2j ^iaL^O <Lo ^-a 4_LjLv2 

JJjioj .l_Jl Lg-Ji «J j L^jL jj<J Oj-SLi ol jj»wJlj <uxSL<>Jl ^3 t_jiS\Jl ^j^>- 

oUL^kJl tfJLL" ^p-o-J- f-ljj LLJ^ L^— <U>J jl .ijjj_a OijL; s-ljwil jl <LJL/» 

<L) j ■/? J I j <LJj jJlSLJNI Si j-«_U LabJl oNL>^<Jl J 4_ijJLJl 4JUL1JI JL>_jii-xL) 
<bV t LJUj LaJjjj (JjjLJl jvJmJl O^U^a jiSl jjb JJi>Jl lJl» JjJj ' <L™JaJuJlj 
.oLa jJlx^JI iiLii (_gl t ((ioJiuJl «uLixJ|)>j iijjLJl 4JUJI JlJuJl 

jJLJl j»Jlp ol S ;; \s"s jtS\ 2Jlp ^1 jJ ^ ^jjs. ^LJj j^SLJ^I jl I j-laJj 

pi L ■ WT ^1 J^JaJo Oyj^l J j_vaJJl J jJal J-vaJJl IJL* jLS Jji ^*>L?- 

IjJ .OiJL>^a 

■ pi la'.iL^Jlj oLjj^xSvJ^I ^jjljJlj 

Lkil 

3 ^ijJl ^I^Jlj ^»- r: -WJl jUJl j j^LJl j J^LJLi .^_^JI Jl ^jSlI Jlp 
(_gl toLjJl J .,^11 k_~S^Jl ojj^™o Lj LJ5 oi jSo 1$ j?- i\ lSjj- 4 ^^' 
yk-J Jj UAjI L.~o-^J I isLkJl .ij—^aJlJl SiUaJl isLiiJ'y oIjLjJI iijjis 

J j^ju-J j .<L5La J _g_SL!l isLkJlj jW/Jl tj-iLwa ^i- jj>j Jlpj tc-UJl 
4j_j_>J| iJc^Jl ^LoJ Jj tiiLkJl U ji jj Jl ^LjJl dLjj^ Jj t jjLrJl a^jj 
* j^aJI jl jj\ £jjt jj-So lJu .4_^>Jl oLxjLSvJI ^wo^>J «-lJJ<Jl ji jJ l _ s Jl 
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oLLJl by~j o^l .,<?"MJ "j <u j5 ^jJj isL^I liilkJJ ^j-^-j^Jl jJ_va-«Jl 

. ol a.. W^ll oJlA *iJJj*0 ^Jjj^Jl <_s~^J ■ k^->Lo jJuwoJl j& j 

.Lvijl (_^Jul *lj-gJl Jo t Jaia 
if- y*>^> j-A ^j^JaJl ^ jwiJl i njS' J&\ jLg->-J 



dJLL" ^ .*l jrs A^Jl oL'LJl J, j&\ dJLL" ^ SfUiSl LLi ^ ^1 y>Jl 

iiLis JL>jC-»Lj ^jj .,h\\ iw~S^xJl Jwojoj .<CJu>Jl ^y isjJLJl ia-jjJaJl 

^^gl ". a I J^l ^j-a $Xs- ^y ^y\ j f, \\ i_ajLo .*l_JLiJl <C_>t— 1 ojl-^J 4_Joj 

jj-S^oj . light harvesting complex ./? 11 J^- ^_<>->c-a ^^o^^o <Lo^_>- ^«J>ilJ 

i^l tiJbJl LJaJl ^j^UI 2LjlJ| JiJJ ojj^U- iSLkJl ^~vaJ jl ^1 
jj^S^Jj i}^ 2 ^ 1 ^LUl JLqjc-^I jLS^ jjb 1_La J^pLiJl ^yj .J^pLiJl j5 ^ 

Jwaj) jj^- |JL>- IJLj«j jj ^^^i/l £^-^tJ -(L^J (w y <> -*~' 'CjsmAjI 

5 j-i-^l o jW->Jl t j^> . quinones lIjUjJoj^sJI ^^-^J Lj-^p oLoj^- <u» i j 

-L^al«jJl o-L)J_Ji s-LJLiJl ^y 4_Ia_iljJLa .^L*^iJl j-^P L^^~-^^"^^^ 

LaJL^o iaUaJl oJLa ^LiJ^lj aJl^>j>J| oJLaj«^JI LjjbJl ^y^-il j-o-?^ ka:lj 
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L>_L>- 5iUa ^liilj ^j-wo-^iJl * JsLiJ^ 4_™5' jj olj ■ i >cJ f-Li) ^jJL JJjJ 
Siijjj jl1>JI i<lilj «-LJl ^y^J jpl jJ» cJujcu-I JJii .iLjJf oJUj L*1p 

t 4_^™«_JLJ| SiUaJl 4W *LJ| j W ,t 1 L^-JlP J j ,/?>Jl ^j-Sv-o-J ^j-^-JjJ-A oljjj^- 

JpljJa ^wo^tJ t j^ojj .^jjj-O^M oLL^iji oU->J->- J^-~> ^5^-*" (_5-^ 

0 jiai- k_JJio LgJI tisUaJl J-J^J SOLAS' Oli j j5o j! dUb LjLo^SCI j^>Jl 
t_gjJl jji^^M ijijJl jl^ BJLjLi SjU^^Ji SiUa JLJ 4_JLi>J Jjjj>o 

^1*1*^1 < b<co iJu .(L-jL^>^S' iijjj^Jl <t_^™o_JLJl SiUaJl <\J<~^s J^-d 
( _ r ^<»_»iJl <■ jw=> isUs Jjj>J ol^^J ^y&j t photovoltaics oLjjw=>j-^-SnJI Jl>*» 

.ioL j^S SiUs 0 j-iL^ 

oljjJb) JiL) t. a.,^ 1 '' f-j ytaJI 1? I ... j Jo t L^J oLoljJb t j_a <U>J (j—J-S .Jais 

l. a ygj ^ 4j>d^JuJl oNL>Jl t »j ygJl Si Us ^j,^" ■> ■ » fc (1 yffljl J^^J^ 

j-«JL) iJU Jj>dJ i_-ij^iJlj oUjjJ^vJ^I JljJjo iS ^Xj j ,»j yfl 1 1 jj-^ SiUaJl 

jLill illii J^>jc-~j ' i_s^U jL-j JlJ _jJj ^j^-jli^ lLLL-u j~s- oUj ^SU^/I 
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(_gjJl ^L~~«_>iJl 5lL>Jl iji i^oJmJl ^Js\ i jil ^lil i Jl jjJI j-aj .La jil jJj 

SSUa SjA jIJl«-» (V * :> ^*j ,j^2Jl>^-~<JI ijL^SCJl iiUaJl jlJjLi ii^Jb ^-SjJo 

t j^j .(JJ>-jJl 4jiUs> io j—jK ^jjxJl islia) * jwi '^jlj 4-j 

LUsij t^jjL^Jl JLuc^^/I iiiSoj c5lL>Jl 4JISJ J^IjjJI 

l^J t iaJliuJl jljJ-Jl jNl l_5~~^^' (j-^l ./?< Ul .V&j^S-J 4^L«Jlj 

JlkJl ^1 jJl ^LJ^I p. ,,f? j jl ^Jlj .UJLS^JI dUU cu-JL^ 



43 1 



t g I ./> il oljj_Lo J >«-j ^ . ■ la \ I ^yjj-viJl t_~5jjJl jl i -jj z 

j./>\\ k_~J2 liL^I (^j^-j Lo ^^jk 4™^>_JLJl SiUaJl Jujj>cj of-liS ^™>cj 
oUjjjiJl ( _ 5 Jlp 0 yu 4_>jjU ^j^j JL>-*jl^L artificial photosenthesis ^ : ■/? II 
( _ J Jl 4jjjbJl 4_JjJ^*Jl 4^lJ|j .iJL»Jlj 4^>-j_<J| oLxpxJtJl JlvsJj »j yfl-ll JaliJN 
JL>-^j tO^/L>cJl la . - ; I t__f2j .4_aJjl>c_<j ^-w^ oJLxj ^jjLj 5_j I oJL^J Juo-xJL™! 
^LjJJjJl 4jl>Jl (Jjijjj j yaJl £sU» Uu^- ^j ^"-; JaJii Ju>-lj J-S-li f-js? f-^y>Ji\ 
jl .^i-Vl k_JaiJl ^1 k-^aiJlj t k_Jai ^1 jj^,^J)/l is? y JljJUp 4^1^<J| 
' l- 1 ^" ,j— -J LAijijJ! (. Lw_™J 4 la-. .~J ,_^-Jl oJ_A 

.|JL>- Ltw i j^^i jl tj^H (j ; ; ^ ^ I W^jjj ?«>«*-jl >J j^J ' ■Sj J^><^ 

jl triads oLoMiil jl dyads oL?-jjJl ^^--j U iJUixJ jiS"! ^ ^..Aqj 
i^j^Jl ajjJLJI i^Jl jl J jili 5i jis oJlaj .pentads oL-jUkiJl ^jX^ 

t iy^l yaJuVLi ( j~o-iJl c- jwi JaiJj LalJb^J t 4-5 y>- olJb^j oJLp (_J ys^i 

.ofrliSo iw~5t!l ^ jj J-wai J-^-~ll 4>jLa oL^^I jl 

^jJlc- 4^>JLaj| ^_JL 4jjLia Llj_«Jl ( j V aj«_o <lJjjj>J| 4jjJLJI (_y^Jl uwjjj 

4j yg ; ^\ kiVj}\ ci_jLi>tJl jjj-Jlj 4.,,^ a-^J^JI 4jLI£JI L^J-a tJJIjjJl ^iLvaJl 

.1 jJZS Jil Jlj U j^l L&iji ^ jl .ixJlj ilo^JL ilvs oli ^ Jl y>- 

4iUaJl JLii tjj-^o-lJl t jwiJ e-ciSJl j~s- isLiJNl ^^w? IJlAj 

k_JLtJlj jjjJL^J^/l iJL^ l> \ g : o ll oNL>Jl ^j-a J^j>tiJl jji ./? a llj 
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>— al ,/> il U*>Vi»- jLi kiUi <uLi c I la .t. 1 j IjlpIj Li>o Lgj>- jJ ^aJl ll 



(jtjtfL SjA.) 1997 ? le 
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_P .SJL>d.l oLV ^1 ^ 5SUaJI il^u-l : 1 _ 9 JiLil 
oL/tf ^Jl ^jJLp ta 5,,,i (jJUl L5 i53l 4_y~»^Jl iiUaJl jl.L-L. 
400 JaJ-l JjJs £_U JaJa^J.1 Jl 5JU>-I ji-^ SJ^»d. 
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iUaJl 



4-_^>L~Jlj JLolvali^/l j la'. II oL^>j /j-o Ajj-i-" 3i-l^L«Jl ii-JajJl SilkJl LjI J_a 
.U Jb^ LoJ^ L^p j^j*^l (Ir^- 41 ^ Uj*Jl ^-Ai^J .i;pl*i>-Vlj ^™llj 

<uNj 48 Jl ^jJlp L>j^ ]aiL~j ^JJl ( j~o-lJl (■ yjs ^ ii y>- j-<Jl SlLSUl isliajli 
t quads al j5 45000 jj>J (_gjL~J ^5^-0*^1 oJL>^-<Jl ^->L>N jJl 5 jjL>^Jl 
SJb^uJl oLVjJl L^i^l ^1 %\yri\ y SSlkJl jIjJLi lSjI—jj 

U! . Lr ^_Jjl y £-L_Jl ^ ^ 0.2 ^! tbl j5 94 y>^ 1997 j»U ^ 

ojl j>- oJb>-j jLJlo j j_Jl_« Lu jJLj (_JjL™jj ( l-^->- iiUa oJl^-l j g 9 i\ j^Jl 

jl-LL«_) iijLLi SilkJl l y3->^> (£ talJ-pl 1 _ 9 J^LiJl . BTU iJlkj^j 

diL^~^j ^ 5Jb>^uJl oLN jJl jl ia^^ . I isLkll ^ iS^^-xNl 

ijijJl ^yi ^yL Lj yu j»JUJl J 4^Jl^JL™*J| iilkJl £-^>- jlj t isUaJJ 
l*j->- ^ \jj^>\ iiUaJlj (bJj»^L<JI iSlkJl jiUa^ cJlj Uj .(^jjji^^l 

Jb>o jjs Ul&j .il j; g ... i s^^j-i jl L§-> I tlS*)^^-^^! ya I j-Jws 

; LoL«J ( j~So<Jl A ./? ■><-~5 f- j .,h \\ jIjLm^J cJ\ jj ^ L*l .5— jU ^-^jL-o-^S' 

^Joj^I yi j-iS' 4-» . . Wll ^3 <L*J jwi -^-J "LoLi j j *T jl ioL-o.^ islla Jw«jC~vJ 

Lojb c-jL~jj jAjiII (■ j-vij jg^H <_Jjl ^pJl ^1 • *^ oJl (■ j^J> j! j» jijt-<Jl y 
i>=l^uJl objjj>Jl dUu t oJL-jjJuiil >jJ! ^^J ( _ s ^j I oUj^Sll^l 

^-LJo) Ojl j>~ 3 I* J-v? t l-Jbr iJU "ojl y o-ji Jl JiL- yJ^-J t| >>«J 

jwill ^-^Jl ^Lillj . light emitting diodes (LEDs) ^ j-^JJ ii-i^Jl oLoLill 
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ojjj— Jl oJlA <uLiJ .<■ yj> jlJu^sL Lulls' loli 5Jbl>t^JI 5JL»J| iJLXS 

jUJl ^-If^-S f-j-va-U <t_*_^<jl oLjLlJl ^ Lol .ip jj^i IS j>^}\ ol*l*~>Jl 
j! *(_^Jj>Jl ^^fl! iiUaJl {y> cs^i ^ j^_h! k—JiiJlj jj ^iSCI^I ^JZs*-Z> 

j^^l c~>J j! Lj^ Lj-*=> i^l^uJl <lLJI 

kfJJS ^ LjJLi tJil^Jl i_sls<aj| »j ya 11 <b«-jL<J1 oloLiJl , la «-a 

^ iJjj^Jl ^y^Jlj Jilj^Jl ^ilvaj^ S^-j-jJI Llj^Jlj .S-jj-^j^iJl L^LkJl jLi 

jl . <Lj j-si> j4^J I L*>L>Jl oij^-j^Jl Llj^jl ( _ r ~iJ frj jl-Ls^J <i~>- 

g-^-Ilj) jj^fe^jJl C~L<->- t 4_flJ_ScJlj ^j^-wJl jL^/l LgJwOJ t4_J_jJj>Jl ( _ r Jl Llj-o 

j5cbl t ( j~al>Jl J ■/? a 1 1 ^ oLj^i Lj liijj U.*.* c^>o (L>_£^i ^j^s^Jl 

j^Jl^JI 1 g ya JJLi LI .4_jjj^»J| oLsLiJl dJta j-> (_£jJ <up j^>^j iJL ^s^Jlj 
C. T. Ho Seng j Tobin Marks jL> jj^-jjj 4-< ("j-aj L> j-fi <_g j-iLJl 

.tj ^U»jjjjj 4^aL>- L>-aLp j^>J>t»J 

^Jl^s ^jjs j .^jLwsjsJI jL j_1J o ^i>s <LJ*)L»a <u>J c JlLoJl ^y~y** 

j! ijlijLa jj-~J jJjLU j_o->^ o «L5 tl^JU^ J^-^ (j-L; J 

j j5o j! jjSLkj 5jjJL oLxL1*j Jil jj i— al ^ 5* j'. ya <Jl <u«JaliuJl iS*)^^! 

^L> jj<w»l 4j»JaliuJl iS*)^^/! oli olx-JL<Jl oJla Jj<-Jj j •/> U <j«-La 

iwL l_JL- ^yil ^ j .LjjljJl jL^I jj^L>jj tiLiS" .iJUJl i^aJl 
oLiLlil is jJJJ iLlS 5jLI -LuJ ollJaJ I 

jLJl JJL-j o*IaS\JI 5JL- * j U <u_JL«Jl oLsLiil olJU Jij .jLJl iijLiJl 
o*yL>^ ^ jj g b 1L i>r W ,., aJl oLiLlJl iL>_3<jL^Jl ^j W ,., 11 5JUJL»ij 
c 4_j j_L>Jl cajI j g li oLiLij a_) j_5Lw»^Jl jJl c^La (J^^ L^ 
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4_*_JL»JI oLjLjJI jl .oljLj^Jl ^ jpLvJl <Ljj>-Ij jv-S^^jJI J^^J <_r^-? 

VI iiJL o^UjNI jl 
o^Uj^I olS^i cJu^r Jiii jSlI U .(^ Jil o^Uj^I Jl^t cJISj) 

^JaJ i^>-j r^) 4_JljJ_P Jilj t ilo^o^ j-tS'lj j*-~e\ jIj jv-JUJl *b^l iJl^ 



J 



SJUJLJi oli <\_J> j-^ oVLvaJlj tijjj^LoJlj 0j . ./? 2 II ^Ij-a^AJ ^j-; 

^jJl ^jJLJi^Jl ^ylilJl ^U^Jl <>-j\ {y> oJb~lj ./?ll ^JLJVl LlJlSj .j-saiJl 
ialiSJl 5JljLa oljLiJ JJiJ a-Jj ^aJl ^JLJVl . ( ^ r ~«jLJl ^JJUJl J cJjJL>J 
^j^s ljN^II ^JLp J^j>o jl Jb>-lj ciJ .4_JLp <La j^jj o*-LiS'j 

J^iJl oLt-j-^ ./?" jvJj .4_™4j c~s jJl ij j oUJLSv^Jlj oULJl oljLJ 
j_SL>^= L^jlj^ jl iLaJlLLj ju^ J\ ^1 tiLJSfl viLL; ^j-Lp 

Lj Jb~ Jj oJiij<^i «lJu>-jJI <up-bJl ^jji j .,<■? II t_iJJl JJj> j^juj .SfrLiSvJl 
SjLiNl j^>J ^ c-iJucJl oiU cihjkJ jl k_^>o ilJj^ljJl ixi jiJl 5iU j y 
J l _ s Jl) iLjiiJl oliL~<Jl ( _ 5 1p 5JLpVI jl 5 jl«*-Jl ^y^iS' jji l_aJJI ^ 
.(i-^-jli- oIjuJ, j! oUi^J, ^JJ i^UJl jji ^ JL-.SM ^iMT Jl jSfl 
jsJLp ^1 tojLi^l ^Lwi oLl™a ^ LJ jj^o jl k_ C\'i ^jJl^IjJI i_iJJlj 

4jjJLj (_j^J <t ■ W fl7 ... a OljLiVl j-^'-iJ ■ <J '^"'-owi V I jj-" OljLiVl ^^«J 

Oj^J<_s^ OLoJ_™>U jjL*_JLl jl t j^L<kJ * J-yflJl jl I j 13 IJ ^ «' ^J-^ 1 ( J-w4J>dJ 

L~ j^Ja (Ji*J I ^jUVl J t_Jlj-iJl ( j^aJiix] <t_™S^Jl ,Jjl^JaJl jU t L™J 

.l_£X>Jljt<J J^L^Jl oJla JjLuJ ajjJUI iiLiJlj .L™3j LpI'.../? 
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^jlp 4_«Jila 'iLilS' 4_^i^^- <la jia^J jl LuSCaJ t kdUi . ii^sf 4-o j_si> 

j! t_ ->o ilj^Jli .a.Jj.,^11 oljLiNl JjIjJ j.* LJu-c- (iJliuJl i^Ul yi 

^jjj-ljJl j ^JjJl ^1jLjU™«_?- ^ 1 g ./>! ^jC-^Ij j^jl oJbjJ (_g -XSj j;./?lb 

tiij-vaJl l\s W*>lll ^jlJl ^j^— -J La ^ iJl^uJl tiJL>Jl ijjJwaJl (%xJ <• Lj jij 
Liijj .l-Jb>- cJlj La 3j-^>-«Jl L^jLxLLo jlj 3 ■/? a^l* l^jWLii j! 

u 

C~>o is"j>^*S\ yoJL L^Joj ^yiSo jJJL Ij-^-S' Jlj La j.,h\\ o^JL^Jl ^ b 
^jjwaJl olj ■ g ^xiJ <toj*>\_<JI i\ j^li jj-^Lkj t oJUJLp oly "LjIj Uj 

ySLoj e-b! J il La! .<Lj_jj_>- oLi (^^Lp j! JJI jjJl ^il SI ^jJlp j> j^J j! 
il j-«Jl 4_j l. a "J (_g JUl iSli j j a 5_JaJ^*>Ul oL^, JJ p j_J| <i_Jlp J j >Jl 
oJu&j . lithium niobate j»^LUl oL^J ^jJlp ioJLiJl kilL" L^sLWj iSjj-LjuJI 
ur ij<_; ^LxJj ^j^J IjJj i single-crystal ojj_LJl i->iL=^l olj ; g ->Jj 

S j>xl~J i jLa^lj j»^>tJ>Jlj 4jlL?cJlj ^oJ>clJl ya 0ib>^Jl *_jL-x*>\Jj 
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M J>\ L^.jAJl (j-li^-Vl *b! <lJ M >-! j^l ^ cJlj L. 

Jj<j iliUJl iJ j^Jl ^ W*>lll yg Jl Si j-*JL) ,__5-«-~~j L"j ■ J^l j-Jl ^ilvaJl 

^j£- S^liSLJl jLixi^l IJla pj^jj .^Jlo-p g ^Jl L^_J j j-So 4 W Si ^1 

jl I (j-^-" J^ - * jw» oJ-i -^-»^J<-J 4 .WW*>\Jl Jl .5lj_«Jl iibn^il 4j«^Ja 

iwfl-;-*-^ jwi-Jlj oiLjl t j_o J^pLajJl j! ^jjj I j b i j .oJjIj j»^>- £-jjI jl 0*>C 
Jj_wi j-"l 4_™aJ O-S jJl ^^jJ fJ" 5 *" oJu«J <LL>cJL~^l tj Li Jw^^M L^™j 
j»JLpj !Li i,a,,i?'J 4 . b V*>Ul ya Jl Si j_«Jl ijU^L^I jli |jj . jLaJ^^I 

-L&j ii!L>Jl ^™^J ^J^Ul (_£jj 5 j^Sj (JjI jja i»j ( jSj .OfrLiSGl 

ti^ULoJl iJj^SJNl oUujJI aJUj U jLjjwiJl Jj-Uiilj JJiJl ,_sjL«j ^ 
oL j j^J)fl j! ,Jl \ J^i .i^J, dJJcuJ ^ ^jwiJl J^J ^1 oUjJjiJl jSl 
1 g jS>- *LxJl <u ^j-c_JL«JI ijl j_«iJl J^f-LixJ jl 1 g '. ^-o-j t <dj>c^i ^LLLl«J 
5JLt<Jl j^Lo^Jl J^-^ dr^-*^J ' Wr™-' oMpliJl oJu& jl .iS^L^I 

^jJlp (_5 ys>H j\ it-\Ju Jil jiU^Jl j ji^J Ujllp jiG .o^LiSLJl jj-S^j jl 

C 4_)^Ja t >^_^P 

jj^o jl <LajULjl jv^-LJl ^j^jJl IJL^J jj-Ss-oj .eiLJl ^ji Sjl _^>- J^-«i 
^ijj iJj ^xSJ^/l oljljJl ^ Lo] .*>li>i j~>Jl Jj-i J^J ^ ol ^ \xJu> 
ijUi^J UL^Ij i L^pLwij isLkJl JjJ-j 4_ajULjl LlJI ^J-^-jJI 

i-il ^aj .iajLioJl jv^-LJl isLkJl ^ LJus^uJl ijJ^LJl ii5LL<Jl 

oLSL-lJl 1 ^tlfUl ^ j liJLxJl obij^Jl oli i^Jjj^J^/l olj-^>cJl jl dUi 
; JiLjLoJlj ^yjlJJl ( j^ij^>ijJl aJlSv— 4_>-ljj ^ ll oL>JLj«_«JIj 4^_ij^L>J| 
^Jj diL- ^ jiiJl oljLi^AJ jj^ojj toLolj^Jl Ji-o J^>-xj jl ^j^j oIjIjJU 

Jj<^- ^^^ciiij .Sj-wai iS^L-^ll isL^JIj aJLp obi ^Jl j jS^j LoJLLp jJ^I 

^i!l j^<L>cJl oLSv— xJl oULSJ 4JiSLiw<Jl oJla 4JjJL>c^j jl 4jjjj>^ 

.4j_aL$Oi Ojb (j-a-vi oJi ( J^4>cJ ijLSj t j^i 4_oJ jj~J Ajl t Oj^jN I J^-S jj-" 

^-y^ I j^>Jl L»l .aLw^L—I oLip 4_ajl_LoJl j_p jL_«-^-LJl j-j^-^iJIj 
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.4-5 j I oljljJl oljUM Llj» ^ SJb^lj oJlaj .iJL j4^Jl oL>t-iJl 

J o y-Xjc^ Llo <Uls jl ^j>t-rf? -U^jI 4-j>*>\ ^~.,^\ ^_L-JlJ 4^™j jJI oLi j^LJlj 
1 : ./? «j jl t ''"''crystal radio ^jjAJl j^oljJl 5j_g_^-\ j5JcJ ^yiSo Lo-; j—Jl 
^1 __^^-l jj-*' o y Jjl boJb>o Lo_l^>- .o"}L>c_<>Jl oLsLo_vaJl oLJjjj^Jj Ls^jI j^Jcli 
1_£jL> \^ay>- <Lo j^\-J— Jl j^tJl 4_La ISc^J I cjIjIjJI ^ jj*-^ >j->\j^\ 

ol a. ■ lg" J^ La^jjJaj jlj t «U_Jic- <LjlJijj <t__c-L>JL>-l j <Lol .,r>~3>\ (_g ji J^-o-J 

^ji jj \>~. <Jl jvJLxJl ^^pL-aJIj (_5jL>cJI ^JJLJl lU-o-^a Lj-iUL; ^jULi^ 

jl yj>\ j~£- y *u\ 1 .,h<\ Uiij .a-^a^JIj iJUJl ^^ju^UI y ilsLa l>lj» 

<UUij °J^" **-»-> jt-J ^° OU J jij^ J^**-^ Jjj^-o-> j^oJU-u 

J.^>u jl tilbJ jj^o-j <ulj ' j oLjj^^J^/l Jw*^- i2_ yo ^ iSj^ 

oUUUl ^ Ifj ik^l iJUJl oUUUl jSl tJjSfl flUl J ^Sl^Jl 
^^jj ^jS- Laj! J jJL !_S j— 'j . UojJl>- .,.?') I Jj J jJl oU>ol j^yj Lc-jL-J 

oJLp (.s^ (.s 5 ^^ 1 ^ AS T oljjjbJl iiLiJlj j»Jj<JI jvj<j i_s j-^ 

<jU 4 _ 2 JJxJJl ^ (j^-il jj» 0 jjli (_y~*^-° iL»j Jjl 
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L^jl £4 C 3 j^SL^-a OLJj^JLSvJ^/ I OljjJaJ jLl ^j>-yj IJlAj C Lo-pU J-A—J 

(_5Jb! ^s- ob_™>tdl i JlP ^jj (_£ jj>- JLai .4j«Jaiu ^Jl jJl coils' 

JL^ i jj>- j ^Lt- W;" jj- o">ISwji oJU- <uJ j] .o*LiS' ^^IpIj citSlj 

-L~*J| |j_A jv_>tJL) J-*-*J .ol j-> j klJl oj_A jl ^>JL*>j1 jj.5 J j->=-J L_3 j_«o A-"" 0 
j! ■/? <j j^-SvJl J^Jl «L» . .la i 4JiJu<JuJI <L> j>Jl ioLj^jJl ijJL>Jl (j^ajo 

^yLt- J^. 4ia-»ljJ J^va-dJlj j-ll 'j- 5 ^ LJjS^j ^ ^~~^H J J™" j-*' j-*^ 

j j^-i ^ <jl ^ j^u^jjI^JI j^SsJl lLLo15wiJI i J^pLLs j>_>-L\JI 

Jpl ^Ja ^jp tl~>t-Jl ^f-JC^~j j—j IJlAj J( J .,t->°i j»l J-^j <lib>- ^jS jlS' jj L>w»lj 
j»Jl~J| *>L*i Jil jjJl ^iLvaJl ipLws ^ 4JL4JI cJu^ J ^-ii 

t4_JL>Jl ^Jlj-^Jl ^ o<jLi lyoijjU 130 Jl ijLiJ c~^_v?l JJi .^gjJLJl 
jiG .i^Loi ivaJuLjl oL-ULjl olS oJJLuJl aJj^I ^iLojJl c^wlj 
JLojcl^Lj (_g jJbJl jvJ-Jl ^ 0 jJ* ./?ll cL-i^l jla LajL- 4JJ L^-il UJ Liij 

4j^jbJl j^j^SUl V^i^' 

JjLoJ L^jV oly oJLp (3^—« L« (_g jJUJl j jj^SvJl i_j j-Jl <LJj ijj 

j j^J j! jIjl>JI ij^L^I ijjJLJl k-^jU^U (j-SLoj .SiLJl ^« Lii 1 3JjJL>- <k~*p 

.ol^oJl i_sNl ^Jl Lj jja 4™J jjL>iJo 0->o L*jLj 

jJj .^LoJla^U |ju>- iS j-L™j l. a ./> "J j! 4_ijJLJl k—^-jLj^LJ j^Lo-ij 
iSU J jjj t c^jJi ixjiU- ^ Cees Dekker ^io j^-x J~i *LJlp ^y> yC^J\ 
jJjLUj tIBM ^jJ ( _ r _jjji! jjJLij tjjjj5 i^U- ^ Paul McEuen ^j! 

J^a-xJ jl J-SLoj 4_oLj~^/1 5jjJ1_J| Iw^jU^I jl ijLijl_A 4_*_aL>- j-j-J 

4jjJLJ| i^jjLsVl j\ tOjJLJl i^jjLjVi ^1 jjl jl c~Jl jJj .oljjjL^jJl^JLS' 
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jl ^j^oj i ./? 1 1 (_j «_Lw» jixp tijjJLJl iw^iUVl (J la'. < jl !jl_<i 

.4-ijJljJl jjjj^Jl k-~jljl (^jJlP ioJlSjl 4-ijJl_Jl ^ULJI ^ji <L-~~jJ jJl iwa-OlS^ I 

<L>jJLJl k_~oLJ > yi oLjjws (_gJi^J c^L>cj Jij .<LjULJl LJjjjLJLS'j «Lw«j^>J| 
^IjiJl olS iijjUl k_~oUMl /jjj 4j«iljJl ti^>vfJl (jijJl oli IJU •IjjfS' L-b^j 

^j^jcJlj ^ojijJl ^^Iji- CjIS ^jjJaJl oljJJj>Jlj ioJlj>J| ioLi^^SvJlj «LjL>J*jL!| 

a] j g .* L^-^j tijjjUJl 1 wuU^/l jLoJti^L iijULj ij^ji^Jl Llj^Jl ,j^aj<j <Ljj^xS\J^ 

jv-S^^Jl ./? ■>- ^jAJt->j t (^jjlJJl ^_wo^>cjJl ijLSOsJj) L~™j ^wo^cjJl 

L^JU t^Lsif'^l jLiklj jljWsllj jJlj ^-o-^Jl Lf^j ' *5 j-i* J jlj* 

jLjJl J^ij j»^>cJl JjttfJL ^jSv^kjj .<u1jco ^jj jJa jj-o-vi <-Li J^j 

j»U>JLaI ^-i^' J all ^ ojjJlJ-oJl ^^jiajJl jJbL>^ j j^Ji ilij 

J^-i <*-Lv2->=-<J I ^ji IJl»j) iiUaJJ |jj-UJ ~j 
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.4jjj>Jl ^5ljjJlj oU«^>t^Jl ^zs- ajjjjJI xJ»I qa-J> ajjjj>JI iS*>L* > yi jl 
JL*j<jl^Lj is Its' i^SL>_<Jl i_ w>— <l jj>Jl JLil , ; <> iJPJj L° 

^IjjJl ^ ol*jJu<_Jl jj>J .J^-^l Jjj^ 5 

. 4 _ 5 J_j*bJ I 4~~Jali_<JI j^lji iik>^ ^Jjjl cJujC— I t _ s xJl 

j-S^j ^jJl oLajJu^Jl jIjJLi ibjl ^1 ceji'lJJl oULSL^J c^~>cj Jj>JJLjj 

' jj^ 5 j-9 4 W i<_a oU 1-J a T . ^ I J^-i ( _5^- p j-L*-«Jl jjJ>cJ ! 4 la »_oJ 1 

giant magneto- 4_S*>Lo_*Jl 4 . ... . W; V^Jl 4_ajLL<JL; Lu* 4 k; «_<Jl L^-Jlp a jJJ 
.iJLj^-SJl iajLi-<Jl ^ L i»^Jl Jji>Jl J jj<jLi L4J j ,p hj tresistance 
(^JJl jLJl (0 j! 1 c~Jl 0^5) ^y^Ja^-Jl e-ilkSi^Vl ^^Ip bUipli 

ipLw? 4i*>L>j<Jl 4 ; . .. ; W : «-<J 1 ojLi_<Jl 5 jj^Ui cJu<->- JiiJ .^1 jJI oI^-aj t_j 

oJl^-l jJI C~Jl Oj-'" j^" ' ^ a " ^j-^ 1 4jjjLJ| JLo_xJL~jLij 

^z? . a -kJj L^JtLa.S'j 4 la '. io»J 1 0 j-S'lJJl iiLtS' oiLj jj-^j ' *>VjLa 1 s<a J-aJ 

J^aJJl jJaJl) IBM ^JlJ Chris Murray <£\jy J-*-* jrf-A. -L^-alS^ 

4iji IsLalJl oJl& J^ 1 -^ cr^~°U t 4 ^' ^ij^^ J^* 1 (-5^ (-S'jJ-^ *^ij^> 

Li! .jpLLll 3^jL~<JI 4 W . «-<J 1 Jb^ ^^o.™; La jA-Lj ^jX^ L^JL^ULi ^^a^LajLi 
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^UjJL ipLiaJlj ^j-JaUJl ^_LiJ Lj 4jjJ1_J| ipLJaJl JljJ *-tjb i^LJa i^j-^ 

oL»ULi ^jaAju ^^Sv^Jl ^yi 'W^ jv-So»^uJl 4j«j-I Ji\ AjJJciV> ipLkJI j! (_g jjUl 

l^Lo 5_Ls^LaJl oliL~<JI COILS' ISJj t(0 jl 1) objJu<_<JI ^ oJL^Ij ( __ 5 1p 

ic- j^>^ 100000 jj-=~ aJj g ... i jjSv^l toJ^-ljJl ^WS'.ll ^Li" Jlial S ^JLp (_gjL«j 
iJliuJl J^~" ,_sJlp .SjJslJJJ is- oULS^iJ jLjjbJl AjliJlj j»J_>«Jl ji jjj 

^^oJjJl jjJLjJI ^y>\ji\j (CD) j^Js\ ^Iji^li .A-Jj .,h\\ j£\jl!s\ \s~s\ 

4jliJl UAj! JuojC„J j»*>laVlj ^ji^j^Jl J~>^_jJ Jw*jti™J ^^1 (DVD) 

.jjJJL 3*1 ^JJl J ./?->J ^yJl 

^Jj ibo^l ^ ^ aJU>JI a-J j../?J1j ^~~JslJ<^JI ^sljjJlj 

^jlp j» jSu f-j ./? U 0^-xlSjlj <Ul^ r PjJj^Jl ^SIjJJlj ■ 4jT W . ., a ? 

0L0 jJutoJl 4-ilxSJ oljjJJl Jwoj<JU-J ,|jj>- oJUJLi AjjjJ J J-^*" ^ '"^ '^"ij^^l 
<tJ_A_L< ) J| Lilj^>Jl iS-^'Yi .oJLiJl ^,(7 a->^a * jwi-> L^J* I ji ySLoJ jl ' oJLlJl 

iJU- jji^ oULSCaJj oltLsS' oli .,<? i ^Iji 

I IJJ 

i_Jiia^j JLij<jJl 4jJLJl Zuj .,n Jl oLjJ^Jl oJlA jl jVl ilSdxJl jLi 

^1 jjaj j j-* ^ U ^ A^piw 9 cjIJ15s^s|j ^1 I j^*- 

j^ Jo^Jl olj-^^J 4_aj">Ul dUu J^— I j-S'l jj^l L^JLjc— ^ ^j-s^-; 
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j jiaJ !_s Ul>- JLojCU^^I JLs ^& t_s"^ A-Jj-viJl .oJl?-Ij *yj> <*y>- 

t <Ul^>Jl l^jLajJlx^ jjjJ LjJul Juoj<JU-j <bi . . kJI j! UjIjj t ( j-~«U>Jl </> all 

JjS'LJLa oJLp <u>J jj-^-J .UjJI <L_i j_^<L>Jl oL« j-L«_«JI 1 jj-^Lo-j 

^Jl UjJI 

IjjJL 4_^j isLviJ C UjJl ( _J-P j"_J-^J "ij~£j 4 ,/? . ■a-j 43 jj 0 

.4~o_ft^M ^ 4jdl) i^-ji (^ji^ J-*^' 1 JUb j*>L>c>o l_j j-^ t^jl^Jl oJUJLi 

^jIp 4_jjjj>J| JjI ^Jl j^ju j^SvJl <l-S< jjiJlj 4jiL«Jl l j^>o U> 

olj j i5 y>- iLLSLJ J^>jc~J j! magnetic spin valve ^^Ja^i^Jl jwjJjJl 

<jlj>c_jl]| ol ^j- 3 ' j j j-^Jb ^j-^-a jv-jj-L) C->I.5 *ul>c_jl] ^Lo-**Jl ^jJ>s_o— oJl 

i]L> J jjj Hector Abruoa U j y\ j^SOb) Jjj^ j-o^^ ^ ^w^JcJl ^^Ip 
Lx-oL?- ^ Hongkun Park i] jL j j_SLiJ j_a j (Dan Ralph cJJl j jli j jjj! 
^ jLajjIj J-^j<_^ ^yi Ron Naaman jL^U jjj 4_p j_o_>^ .ijLijL* 

(J^lj J^vLs) JIJl~o j-a j tfield effect transistor^^li^J I Jjj«jLJI j^l^jJI^J 
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JJ^J^i Jjj- ^[jj^S Xqj>- J^iaJIj J-^>J oIj- Jj-V 

4jl j-j LgJ aS^Ip logic gates <>ak>Jl oUjJl 

jl?'. <Jl t j^- ^j->^; t^j-ll Bill Gates l ^-~js > J^j jl t Jub»Jl JjjkjLJI jji^jjj 
^jjs>Ji IjlJl>o t jLJjJl jj W : oJ 1 oLIj^j UAjI «* . SW'. <J| oLIjJl t_s ^j<j .liL?-l 
.(jJL* j^iJl J JLp ti-Ul ^jJlSo^I ^^sLjl t George Boole J jj 

<Lp jJJLs <tJiial/> ^jl jj J*Jcj~ 4 ; aW'. <J| oliljJl ^.la"..." 
LikuJI oUjJl .NOT JJlj OR ^L-Wlj AND ^Udl ^IjJl 

i« j <J Alii>-|Jul frljj^Vl ^~<>->-j oL>Jb«^Jl *Lo LiS^oj 5 JlJJl olj. g >tH Jj 

.4_w«j3 jJl 4_wl>jj>cJl jv^o^s ^3 oljjl^ijjl ^Jl Jj-J i_™-Jl lA^Jj .4ijJlj>- i > j^\j>- 

j! (j^dj iol ji^H oUjjj>JI j! ^jIj (_gJJl Jo-*-Jl <L~«-aI UjlS'Ij t jj^jJl ^JlS 
. j jSLLJl Jip SJUJl ipLiaJl oLJjj La ji jJ ^Jl dUu oL»U» 

Jip j^S J-g->- Jj..W" iJliJl aJL>J| Jj <dij < J W"^j .(jj^~JI _jl £j J 1 * - 

^A-o jl L^tJJ t 4Jol j_> 

IJla 4jL1j .Jj^I aJL^ ^jJJ jji-xjJl ^Jl jjjo -^-f^' tlrr^J iJLtJl 

«uJj .1 g i j^ ^jjr Wll 5JLa Jl jja L&jj lajx-J> <tLAs- ^}\ o j g all <Cj>J2_<j 

^^iJ .^yjJUJl ^ ^jj 5 ( _jij ' |JU<Jl ^yo-^-j t (_g J>-\ oLi jid 
j! J—ajjJl Js i _ s aJj i Jvaiil iJL^ ^-J-ij" jl Jl Jwfj iJL^ J 

i-j^ ji\ L^JlI^j Jlp JL^j>- J^.WT Jj j-Jl iiL^ Jj k_Juj 

4_jl_j L^jL «Lw9 

. bistable jl ^i^-Nl 
Jlp IjLoJLpI Ju-ja jJlj J aJl c ijliij jl] 4^Jjjj>Jl JJl l_Jl«j<J^I JLiJ 

4JJL0JI Jiis-i jlj-^ J^ tjbLflJcL>^i jlLob jLuXj L4J j j_Xj jl JsLjjNI Jlp 
Jim j^f- j^j*^ jwLiJl jjLoJl Jj Jij . JJlj ^sJl <J~ > ^~ ^ 

^jJu l_J j j-a-JLS' 4_3<_oLj>- (_5 jJ Fraser Stoddart Ojb jJL— jjl j Heath 
t JL\<>_; 4JI iHP iS" jJ* (_gjJ Stan Williams j-^LJj jb— j-o->^ j t ^jJl^JI 
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j~s- jLj Xhoj jl J-^J rotaxanes oUL-S'lij ^Jl ^jI-^-j oljjj^ - JU-^i^l 
L>J>) oUL^j j-p ti^>cJl j\ t(5_^j^_SJl i^^Jl LoJj) iL_o_*J 

<U_^j->Jl Lo-S') oJLa_x_a 4_wviLjj JuL™a J^>- ^s>- jl l (LjjJl 4_^<j_>Jl 

jJLaJL) J^-jJ| >L~^j ^1 . II 5 j g sll (Jjjjj J^J<_>1j * . \> " . .. j ^ g » 

J *>Vi>- ( j-o t t j-^J ■ g aJl ^SloJj t <U JLPj 4_a_^sl_P ^^_P o^jUa 4_^>- jjj t (^SLj-oJl 
p-wo yalllj .oJjjj«_a CjLo j la '. " |»-wa ./?" ( y> t 1 j— <L>tJl 3JLpL~o_i ^-o ./Jill CjIjJi 
j! (j^*- 0 J-,-,-^ 1 -"-! UJiM* <*Ju<j>o Lo j_a t archetecture aJLjj ^l il. >j-xL>JJ j»UJl 

^liai c IJUa>j *>U>-P jl ,j» W ... 4 l*Jb~j oLIjJli .5ijJL>t^ Lgjl L Jaj j! 

.LaJ-JLxJj L^JdLiS'j 0^ .'*./> 1 1 L^jL^Liaj iJLxJl L^jIpj.^ jJajJ I 
4-ojwaJl 4~^jj>Jl t J ./? aJl IJla ^ LaLlJlsU ^^1 CjULilll i ^p-l 

J^JI tL^Ul i-^USfl Jlp U5UJI oljlJdlj ^_^Jl oUj^^lj LK 
tiJl>Jl t_^^il jp>Jl ^3 4j_oj«ju~<Jl A^^iL^'i/l oULjJIj jv-^sL^iJl JU>j<jujIj 

.5JUJI 

jVl jl j-oJL^L 0 jJUJ C^^o— ^jJl lSj-^I Ol jj kdl ^y> j 

jyS iJLP ^-vij ( _ 5 1p (.jj^LL^Jl ^jJlp if-LiaJl ^jJlp ioJLxJl toJblj^JI LjjJlia 
t> J-^Aj>tJLl -L^a^JlII SJ-jJ-Ji CjlJLjj yj j_5\jJ 1 g 1 . jpj 4 . a ,1? \ oJ I CjIjI jj-Jl ^j- 0 

^jjjJl ipLlaJl ^ aJl^LuJI -Sj^^iJl jl .^Iji^^l ialp i^jj- 
^ j_o_^™ll Jpl ^Ja JI_o_xJL^L LftjjjJaJ y5Loj ^LiL^-Jl ^1 l-L?- ^j,h " 

f. j.^ll J jis jujo<J L^j jj^Uj j! J^-iJ jr^-^ (_5^' **J-JLi .aJL>JI 

l3 jJ JU»«Jl A~j«-J| * j-vaJl ^s^-^ ■ Jl^LSJI dUi i^LJa J_«_j<JL>-w<J| 

4^-LJaJl JLojC-xI ySv^kjj .olyLa jjU 10 jt^tj yp j^s J jja J^ij ^/ ^y>c>».a'>. J I 
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if-LJa JLo-xjl^-I j Sjj .L^_J_p jLSLi^/l ^jj^j f-Lxil 31 j_<>Jl c kisJ jl jj-^Lo-j 
.ojU^LwwoJI ^j-^ <lL^L^ jl *a_>-Ij ji*^ <J-^ ^ "'^ 1 1 La^-o-p ^j-o^-o-wwJ I 

^IjJl 4 jJ_ v a-sJl ^ ojj^JlqJI 4jLajJl it-LJaJl Jpl^ls ,_^2J<-> JLojC-xI t j^«Jj 

jj .ix-Jjj-«Jl (^j^-Jl J 1 ^ °J-^ ^t-wajJ dDu 4-pLiaJl ^Ij-il ^jj i^SL^I 

LJL>J Ji-»J oLoJjiJl ^jlc- iojLaJl ijj_^»iL>Jl ^^LJlj <La_JjJl if-LJaJl JLojCL-jI 

i Jl jJ>Jl ^iS'l -^~l t <U» ..Wll <Uj»j1j La jl ji- J-£- «U ./> a', a ^1jLjJ^-j olji 

■ Jl*- (4p J J jl j^LJl jJp ^ SjL'l 
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Advanced Light Source, '. k-Ls\ j_a 5 j j-s^J I ^Jl 
Lawrence Berkeley National Laboratory. 



60 nm 



Rs seen o* I men*, tor th*s people T.el I me 
abo-i*. mi^iat <jr '«:3t. "on. and ho - .-.- **ar "t ^>as 
progressed T oday They tel' tkt about. 
♦ ^cfic mo* «v ; vto*! t.he s*se cf t he 

no* i an ycr •small r Injci . Hr.J '.'i-r£ !3 a 
oV.'iCt* c* vKe n ^**'. they tell ">•* by •.-.+> ":h 
ycu :^n wr"*t» "".he Lord's Prayer on T>e head 

of o p"n. E-t- -.hat's •locrino* vhat-"& the mos 
prfrr-'A lye. Kolvflttj SttCp I" tTw- dVfVt ; 0 " I 
frr.er.-J to d ? iccsa. I*t f£ a sr agger ■ ng ! y stw 1 ! 
v.>or ' d x r a*, is be I o\ I n t he year 2069. hen 
■they look bock at *hi*; age. they -.v(M 
wonde»- „ihy ;t was re- unt.il the year 
}^5C that anybody hs-gar §erTov-sfy to 
move In xhia a*recVTon 4 
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aS j 1 Jj^UI *Jl2dJ c 11 j 1960 aU ^ jU^i JjLt^j UUtf jdl : 1 _ 4 JiLiJl 

.,_5_jjbJ( |t J L .11 c ~5T 

.Mirkin Group, Northwestern University '. <Uil j-a oj j^aJl 
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fAmg =3O0 X Tip Al 



. Hersam Group, Northwestern University '. iasl j-a Jju Sj 




.Mirkin Group, Northwestern University '. idil y> _Uj oj j^aJl 
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. Dekker Group, Delft Institute of Technology : *ui1 j-a Jju oj wsJl c— -Xal 
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. Stupp Group, Northwestern University '. IH\ y _Uj oj j^aJl O— 
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. Stupp Group, Northwestern University '. Juu 
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Hype J^J 



3 




'95 % '97 '98 '99 00 '01 
A jhI 

Lux Capita) _>* -jUIuJ> 

JL^UJI £UdJ Hype JJj : 4 _ 5 JiLiJl 

. Zu.y Capital '. aas\ y _Uj £s\ 
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General Chemistry, 8/e, by Petrucci/Howard, ©Pearson Education, Inc.. '. ^y* jJiUl idil j^s -bo 




ol jj>t?JI_5 ol ^laJI Ji«J ^Jl i_j ^JsiJJ 

. Geoffrey Price, University of Tulsa '. j>s 
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j^-p- \jm j_^L)l ^LJS ^ 4j_jjbJl JsLHJI L.a.,5' ^^JijJI |t^> jJl : 1 _7 J^-iJl 

.Mirkin Group, Northwestern University '. iiil y> Jj<j 13 1 
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. Qdot ^p^ttJ ^^z^J? jj j»— «j '. 1 — 8 J^*t)l 



. Quantum Dot Corporation '. a5 , 



(i\jS&i>jx*) 1997 
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; SSUaJl ib^i-l : 1 -9 JiLiJl 

aJS 400 Ja^JI J _ji> 
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l^jitJl JUpVi - 10 



178 ?5JLJI v^l^aJl SjjiJl : Si^JLJI £&Jlj j-^VIj jUajVl ■ 

179 pJl S^UJI JUpVI ■ 

182 SjjjLJl SjUJlj tii^^pJl 2bUkJlj t <uJl&uJl SjLaJl ■ 

183 jUil-VI ■ 

188 OjjJl j» ,j ^-1 ^jji ■ 
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jJUJI jLSj tSJLj^Jl iUa^l (»L>! JLjJ (jJJl I'JbJl * ( _ s -iJl» <y> 

t(<jjj 015 U-^») *>L»i t-Jj^*^ _y LftLuiSLj ^ill o^iSJl oLULJl 

Lwo jjjl « jJuJl ilj-fi ■ J^La J j-*J_o Lgj_o Oj^j jl J-S'j-aJl <ul 

1 Lo LL«i d^Ji^Ol ^» j^>jo l)1 ji^j jJbJl ls-\^p l)1 jJLsj ^LS^^o^I 

^ ^ jJL™« jjbj tJaii 4_L~< o jJLc- J*>U>- jvJbJl ^ji j^ji jLJlo 

^ oN I oljL»Jl jl ^JLixJl j! J~«^Jl Si y> j\ oL^jJl oLpL^s aJlp ^ 
.Lo LgJtS" Ujjji j^S'l j Jij t oJL>c^<Jl oLM jJl 

( _ ? Lp j» jjjj .Lo Jb~ ^Jl iLLvio £-UaiJl IJlA ^Js\ oJlA ^.la'Jl <Uj jJs 

^JLsJ 01 j-*-^l U"°-9 ' jjLJI 4_pLw^3 *lLJ-9 oIjLu (JLo-*Jw-wL> 
oU-Uai jj-o-s^ <LjjJLJ| SJlJLJl jv^-LJl ^pLvajJNl j-o-Jl jj-o o^nrr^ 

olSjJLll (J_^>o ^0 tisQaJlj 4^f-LwaJl *Lwo^SvJl L^JLoj iUb>- iOj^-j^JI (_Jj_*Jl 

L-JSllj ilJb'jMl SJbJLSJl Lr ^Jl ol^ j! Jl I^JiJj .^JbJl Jl JL^-ljJl 
J N jJ t4jjJl_Jl SjULJI ^jJlp j> jJJ ^yJl i ^L-J*>U ojl_L<Jl ilLwljJl 

(_JjjSj Lo t yupS\ ^y> ^jLl>i ^j—^Lj J*>LW t JLaJl jjji j!) I y>u y__ 

t_j2j .5 j^^Jl oLS" j-lJu Jbl^uJl j_ojJl (_yLp <Cj*I j^>JLi ojjia^o l)I t jSL»j Lo I 
^yi ajjU>±UxI JjIjj^ ^jJJ JLo^jJl ^jjJaJl ipjLJl JLo-pVI Ji-*j o^L>Jl 
oLS"^! t^Sfl ^L~5Jl JUy ^ tJ ^ji 10000 jj>- 100 LJj 

ti^kj J^-Jl II* jl 2000j 1998 ^ io-liuJl oLLiJl ^^Ij 
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jj-^j . <1)N I (jl j— >Vl ^ji OjJLJl ijULJl oL^J-a i_r^-J<-; j g k Jl_o_3 

N XjjJLJt oLUJl ^ oljjL. J! LJU- ^1 ol5 ^JJl j! ^ij^l 

j»L>Jl ilj^Jl <tlAj ^j-^j c '. \ \ oL>cJCoJl j! ijjJbJl <uULJI Jl> j->u 

ilijj t_j j-^ aj! ^yJl i«-jL»^<Jl oljLi^M j*-* 5 ^ <LjJLJl 5JLS^Jl 

lilj .^i^lj ^Ijl>JJ : ,/? ll oJu& ^Lki ^ ^Jl^LaJIj 4j_j,LJl cjLS^jJIj 
iiLs^J ^> j t jL>_jJjL™<Jl jl_JLJL>tJl jL5lxj'yij j_«jJI UaLjj t_s j-x ■>- 

.OLo jijtoJl 4jLSj O 

^axj j! tLoUaJ^I ^ j*-LoJ cJjJl y ^jj&i L> LojJ i v r SL> jj 

IJla .iJli oLjl>J ^^Jlp (_g jW'.t cJlS' jjj tJS'Li^Jl dlLr ^ k_JL>J 
4jI^j ^-jC ^ytj 4jjJLJI ijUJl JLo^&N jJl SJL>Jl j^Jaij i_i JwaiJl 
Jj^Jali .L^v=> jl ,j^L<kj ^jJl oLi^Jl li>o J^Iajl ^w«Jj Ijjl 

(_5 i_i t <LjjJLJ1 4JL4JI jLa-s-V 3Jb ^iJl oLLSLa^l ^jJz*-) 1 

.Lssjj^Ji (dotcom 

ajJI SijjUl JUpVi 

^sJl .oLjj^SUl ^ ^Ijjl ij*>^ *>L«i iijJLJl 5jLaJl J.^...t..a JiJ 

<Uwaj_iJl <\ t . g \\ LgJLa *Lw« j_5L>- o^/LSj ^-"1 j^J j-^^^l 
i_;_»j_lJl 4 i . g ilj National Institute of Standards and Technology (NIST) 
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^dl olS^Jl yt ^lillj . National Institute of Health (NIH) i^aAJ 

Merck L^-oj i^-jj^Jlj Jjjj-*- ^'j ^waJlj ^jjJaJlj o->^Jl oULSL^ dii^«J 
.(HP t_S_.L— c^LS' ( _^Jl) Agilentj 3Mj Kraftj Dowj IBMj 

y>^j"y>- j l) j^^Lj oJuLx! 1 g . .. . 1 1 ^jJl 4_ILJLl<JIj 4j_iLJl olSj-iJl j_a oJUJlj 

o->t-Jl ^JJLi y-*-° AjjL>cjJl <l>-L>cJIj . 1 g . a ^vLoj j! o->t-JJ 

-u-^i i_~>o L>-« _^r^l J'j ' oiJ->^ oUl>Jl ^ k_~A_LJ jlS'UL 

t (J ^i>^Jl ^yoJuJl 0->=Jl y i JLgj j»LiJl A~«j5o>Jl Jj&Ut<Jlj olx»l>Jl 

5iJU<jo> j_S"l y JLaLx-^JI j! j i Lit? L>_Pi o-^Jl oJS j^-c-Ju j*JL*Jl 

■4" j^j-^J '•iJ^s.J (j^L-^'j ^jJ^ u^J-^J Wuj-^LSj J-uj^J J^jy.J 
LjjUl ilLixJl ^1^>J ^ jjSLLJl ilUJ li*>U>- .MIT i;LidJ jjl^j-iL-U 

io^J oli oliLtsS'l jjJL>o t_j yJ^Ul jLSo .MIT JL^jtxJlj 
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4jLajJ Li*>L>ti .5j jj SI JljJlJi a g i oLx_aL>Jl i»Liip-l J^<->tj La IJlaj 
<l?-j.i jA-Ljj LjJLi ■/? J L^Lp 'j-^j jl jj-S^o-j (_j^l t oLijJjtxJl 

<L_<JlP <ti jL^'iM , ^9 jjLJl jv_Lp t_JJiXj t j g ■ "I J *>Vj— U>c^i jj-SvJ jl 

. Ai-iUJ I <L>jjUl iiUJl oLS'j-i j j-g-k ISJ "WjL?- t j..,<-?i}\ (_gJuJl ^Lp 

<uLiLJl ^Lp ^ Lilj^Jl (j^*- 0 ^-o^j >— s j— 3 jJl oLSj-iJl La! 

^LlINI Jgj W w 4jjJl_Jl 5Jl_i^Jl Jli^iJ *>L*i ^jli'.... j Lgj_a j-JlSLs .4-ijJLJI 

^Jlj £~w2jJl j j5sj jl ^SLo-) C~~>- l-^j-^ J-^ j j-5L> ^i J-^J C J-^ (Oj_>- J^>J| 

^w^ljJl ^^ajy jj-J J-aj .(jLia-Jl £_^ljJl ^^ISJl ^LJ^AJ jLSLaJ 4_oJj LJLp 

OI5 <L_iN oLpLw^ oL? i j j5sJ ^i t j_^>c_vil j-Jl 

^jJlp ijLft j-JL) ^Ju«Jo L<j 4^jL>- c JbljJOj JJ_*3JjJ ^_vaj>cj 0->t— y^s- 

Global Jia is*>L»^ ^J_ji«Jl jL^j^l Jb«j oJij iSJbJjJl oLiliill 

jiS"! SjIjJ oj>J oIp j _5sxi S jJ«-vaJl istfUJl d5 j-lJl Ul . Enron j Crossing 
i-^JLxJl cj\£jJl]\ ^Jks- jj-So Ji t Lo Jo- ^>\j .jJsLi^JJ ivi^p Jilj 

i_Sj jJ» j Jl jj>-I frl a 7 ,ul ^ o^Jwa-il oL? jJLil kiUu ^yi-P J-«-^j<-j jl 0^-501 
«^jLL*Jl f\j£> jl L^JL-o ^>-bJl ^ fj."^*- y J •,^->o jl 3JjJL>JI ijLiJl 
ol j_w*Jl £j/> i J">Uki .IjJlp- jj5o jl I_la ,_5jLiJl ^jJlp j5J .L^jL?-^i ^yJl 
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i_Jij- ^yi j-JJL^ j Cisco j Lucent Technology jLlS' ^jJl j-S^J 5JjL-JI 
oIS^-JlJ ( ^jJLpj) j^So^ *IjJLi Lo_^iLJ ^"yr y ^ * i . j ^— -£-Ll«JI 

45jLL*Jl ^ dLc^J «4i»iU i> j^i)) jL«Ji£Jl UL^l ^yiSo j»l>^M oJla 

^ dJUi j£J t^.^^l jMjSII ^ ^UL-j> j! i^lf. ^UJ ^ 

^j-a (j^ Q * J (^-s^^-o^l (j- 10 oLn**woJl (j-^Jj-^ ^Jl^-Ajj .0 ol jJL^sJl 

LJI 

Microsoft L^Jw« iL™J 3JUJL>- olS^-J; ^ j ^jj-Jl j»li<Jl I ■ 
<u_>JliJl oL5 j-iJL; <. Cisco j eBay j Yahoo j Compaqj Dell j Apple j 

k_™-ljj>Jl IJla . Sonyj Hitachij Siemensj HPj IBM ^1 aS_^j^JI 

.fr^Ai J^*^ J^*^ '*^i"^J" ^L?'^ 1 OjIS c L^jl« 

,JjI jja ,j^2J<-> jl ^J>t-^s .LjLoJ kiUi yo ^j,h .e'.\\ ^jJlp ^y^- 8 iiLiJl L«! 

j^kjJlj oLlJjjJI pLwo-^j ^yJjjj^Jl *L^^/I ji-J-^ <_s^- p «*-»-jL5J 1 t ajj^j>JI iiULJl 

diij t Pharmacia j Baxter j Abbott j Lillyj Pfizer j Glaxo j Merck ^1 
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1 g '. » j t <\_>ej>-Lj oJUJL^- Sj-w.S' oLS' 5j_p (_j j_«Jl ^j-!} c~Jl^- j_9 5jj_^>JI 
Ul^ oJUJL>- j*J L>JL^u_a pJaj^a jl Jl I Joj j^J t Amgen j Genentech 

o-bJL>Jl oUliJl y jZS •j^jt^j tju AjjJbJl JjlilJl j! Jj I jiijj 

oLl^-a J^i jj-" ^LwL-JLl^wo jLSLs! ^ J-™-> ^j^- iiJjJl ^i- \s ... II 

L^jU i iJj^SCJ^M 4.„, / ?.«Jl oLiJuJlj ^jjjUl ^j-Ul (j-^L^I 

^ SjjJi^oJl 4_.jJl_Jl iJUJl ol a. . WT jj. I ^5 jl ^Jl I jJaJ j 

jv_lij<_a jl ^-w>r ,/? ll ye jj-S^J -X-i-S tiJLkJlj 4_p|jjJlj t_JaJlj ii*>\ g : 

*>\jt9 ^jj^j^- j^>Jl ./? ll jl—S ji^>^s j y» 0j«S\Jl o>ljLpxj^/l 

i^iLJl oL^JJl J> jUii~.Nl jl Lf i*j N lJu* ^ .Jlj—Sfl dUu 
^jJ ijjbJl iiLiJl J ijy>*^jj>\ 5 j^SvJl olS' j-iJlj jv>c->cJl <* W . .» olS j-iJlj 
t Aj^>J| iUJl JL^I J IjlSI L-Uj olS^Jj' dJJo cJiJb~ JJii .U^-U jj5o 

tl^j <W?U ij 4_*S\J_a ol^-j^J Oljj^^jj oUt^la OjjJs L^J^ 

.Uj^>-p t j c -p*>0l jL^ L^jIj-Lj j»L5i tjaUjJl j»*>U<N "^y* <UJi y lill-L oJi-j 

5 yr ^y jjjjJa^Jlj jj j^kiU-^JIi .^ojJl 4j>Jiva>= ,j» illii jLS'j 

it-j— ~j ^ ?- oL>tJC_oJl jjjJaJ j^ t 5 J_^>- ijiL/aJLsl il_SL« (_5-Lf- I jJ ..^ ?- 
t j^p*>0l o jii Jwa^ 4^S'*>\-4JU-I ^J-x ol>tI^<Jl Jo^p^J j^/j to^LaS'j 

jv-!Ljo>Jl <U>wilj cJlj Li AjjJUJI iiUllII yj ^i^ajj JaLo-jl jl 

j j^J i_j y* ^y\s- jLLAljj i jLl$UI I_La ^yj-Jj-^ jl <■ j"^l 

.iaJLiuj! <bUiJl jl Olo jJut<JI 4jUj y j£\ 4jy>ti\ iiUJL 



oLS" jLoJl^-jNI y> ^Ljl ^j*JL>zJ -LsS'LJLj ^j_5Lo-^Jl y> <jl ^-^><— 

jJLJ ^yJl iijjJaJl jl t (^pc^jl IJlA jj>cAj i_i y^ Jlj^^l t_iJi jj oLS'j-ij 
oLS'j-iJl ^y jL±u-^l ^ys. jjiaJl ^j-- (JPU21SI ^Uai ^ jL<>±Ux*>\J ojUJ _pS\ 
oLS'j-iJl ^ j j-S^J i_i y* lLjIji^^I ^ lim jl UjlJsIj ^J- yj tlJJ .^jLJl 
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jl ipjUl jjjs\ dibJ L» Jj k_J^ \s- jJaJl JLjLJl jU tS^~SJl 

Jj jjJU J^-l {y oJUJLi <U~*_Ji oU-Uo-l 4-«J C^l^ Ji_aJ .^^viUiJl (j->jj-> 
Jj-^jJl J Lvijl <u-Ji£- Uj-a <Uj jl t((Lyijj>Jl ^oL^i^l JI^pVI As-\y' 
odT Jlj t^ibJl olS^JJ SijjjJl JUpSII Jlj JUl y\j Jl J4-JI 

.<UjLJ| ol ^Jl> J OjjJa ^jJl j»-f-jJl 

iJL«j _yo^lj oL« jJu<-<Jl (^Uj JU-p! ^ <ujjUl ilUJl JU>-p! i»-ik>J 

t j^JaJ Aj y^3 4_S\i_a (_J J-AJ^ J^ ijJ-iUl 4-jUiJli . l ol j->Jl jj-^ 

jl j»j*>\Jl jj-^J-Jl (_r°L*;j .Lg->*->~J i_ow2jj Lf-I _/~^"l W^-~ ; ^ C ™'J W^i^ 5 *" 

i_aAi>c» ^-^- | ^LjI jj-jb^Jl Jlpj t j j g .t. 1L 10I ^l^JL ULp ^j-ojjU 

Amazon.com ^UAj c~i^l y yy^ <y Barnes and Noble IS ^-i * ( _ r »i 
LpI j^-j-l C~J ^r-j^l 4-«-$LjJl oljliJo^l J_;j>t~J iJuLai .Oj-JiL-a 4_*_iLuj 

iLsiLaJl jjjL»! iJjL^ ^./?"l LJ liij Jl j^Vl J -ii jiJJLa 

jl y^-\) "one-click ordering lJ^~\j 5 ylj t_JLkJl» _» ^UJl l^l^i-l i>L>j>J 

<Uj-a» jl Lo y^S- J j-JLjl ^y jMl £-W»l J-Sj .(^1 J-^I J5-WJI (j-* 

(_Jj— j ^ Jjl kiij j5o J ,/?>J (_gjJl j-JtvJl JjVl k_™»SJJI j_gl t (((J^Jl 

i j $ .si 6 Jj 3 jj>tj «L™sb^Jl 1_J l_j>- LL>iL& ^ji . la «J t Ijujl>- L><JlLo 
"oJiJl diL" 

tJ_^»< LgJli i>t*-lj 55 j-i JUJj>Jl ( _ r iL«Jl 015 lilj . Jj 2I di>-ij^>jJ oJI^ 

Jlp 0 jJsl-JJ iJMp^l ojJjidlj 0 j^-lilj j»*>IpNIj ^jjLjJ 1 y L^JJLpli J^ojC~J 

CjLS' lij ijjJLJl iJLijJl iJL^ J UL>J L>c^>^5 Oj-So J I-Jla j— Jl 

t ^j^>o Jl ^^SJkj oJUJL>Jl ijjjUl it-LUl 5jj j^^i .lip- L j^j jjja^jl ^£l<jl 

cJL? jJ tiilli J^L^ ^iJu jl (I J t _ s xJl i^j>Jlj 

As^-j ^jls- J^SJxo jl ^S^j IJlaj ,Lp- La ^lSIj oL^ jjJl j^-S'I {y 

p^-Ul jL»— JaJ<wi oLS' jjJl ( _ r x*>Vi I JUj^I 1 ygjl ^^^alijj i™iLuJl 

^yAj .O^UajVl ipLW5 J cJtva^ ^jJl liJUj Ju>J ^ tiolj "UJt i™9La t j^- 

dJJi jU tij^pJl J^i*>LJl J_jJ ^ tl*l^ii-l ij^iLoVl ^o» ; .Wll 
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iiSLl/j dUi JL> Jij JL)y^i\j ^jj^VI jij^ ^J^f- IjlJ 

Jjjj-«jJl CjIjNj^ CjIjLLo 1 yfljl Jus^a^-j uJaj l1JJ.S yfl> Jij .L&j-P 

jjL^j tJjSfl »LLJI ^ a^Ul cJ^>ll olS>5 J^JI L^J^I ^sJl 
M ajjJLJI 4JULJI ^^^a^j L« ^yi (VSo .1 Jul oljLJuJl dLLr 

oJbJL>Jl oU^JU^Jl k_Jd3 jJj M*j jLSCo Jji ^yS i y>- y> jJucJl IJlA 

^j^Ll^^JIj oLS'j-^Jl ,_y™ ij-" 1 jL«J Jj<-?^> ,_yJl Wj-^' ji 

JAjjJaJl ^^LoJl ^jjJsj iJw ij! ^yA LaIJL^-Jj t L-AjI SJuJu>- CjLjjiv' A^>J t 

1 I ( _y^*-j J^> ' " " * ^u^sL^oJl <e>- j ^yS J^o-j j ( _y^- 3 -^rd-^ oli 

^yi jJajJl S^LpJ Ojj h •/> 1 JLs ol jj—- dj*>\j j! fj^p^- * J*>L^ jv-^JIjLqJl^I 

J^j j^ji la . - 11 ^yA (_y^l 4jjJbJl oL>c^XoJl La! .(_5jL>Jl ^L>cjJl J j-v? jAJ 
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• l j_^iJU^_«Jlj e-LJuJl ^y t oLS' j-^Jl jj^^iLJ ^j-^xb-a jj^UI ^y h " ; 
Sjtal Jlp 2jiU SjW j j-*-; jrr^^*'^' ' ^ <-> j-~-~"j-*Jl s^J-Aj 

oL><jljloJI jjjJajJ i3j-* i ( ^ j j-SJ> l)I t_^>tjj .oLSI^-JJlj ^oLJlj JLoJI 
f-\JL>\ <lJ«j Jjli^J 1 jj» •,c?">o jl ttl^>tJl i_j ji Jl isLsi>J i 1 g ib j-»J j 

oLS j_jJl ^3 jj j^>JLL™oJlj .4_>ulj oU>nJC_« ^jjajj o j\s . ... II l1~>hj j»_^jUjl j_<j 

ob^_<Jl aJ^ jcjl~J i_£-Jl j*-LJl j g . . i by-iy-i M Ji jv_^_^o *y I J j! iiJiLJl 
J J^-~Jl (j^ 1 olS' JiJ .^Ulj JL^p^I Ij-o-fij jl i— j*4^J ' 3JbJL>Jl 
L»l i * g'ljl ji J^aU>o jl t j_j»^PJ^JI t j~™^j^jl ^ ^aIj^JI j» OjjJl olSji 
lijj ijjJwaJl JuJ-Jti ^^1 IJla jj-So i-i iS-SbJl 4jjjUl 4-iULJl cj\SjJ^ J 
iSJJl c~«_il ijj^i ^c^^-" i3 j-^* - J 1 ^ ^jU^u^ jjj>d^j j^™^j^Jl 015 

JjJiS' jj-SJ j-^ <LSj-JJl jj-a ^ g °>j*0j i L5\^>_a jj-^J J * g ll -JLju-iI jla Lj-J-p 

jv-*jLSo| JJjJ ^y * g «.uj Jpl jja <U>J jl .4_~aJJ| 4_v2-Jl . .T ^jJl °jj^l 

.i! j ^ ■ .. i o-UiJ ,JJ>j M L« IJl^s (_g ji^l ^jjULa Jj 
jl iw^u Lo_« j_JlS\JI 4j_jijJl ijjJbJl iJLiiJl oLS'j-i j»L«l jj-SJ j— « j 

jl 1 g '. ^o-J ijjj^-^i jl ^jb_<J Lg-pl ^->-l .<Ljj_^>J| iiUiJl olS j-i ^y «L«JljtXj 

jl) L> g " . ^i-a (j jl Lq^JLojc— il j_J<iJ ^jA~>- jjJl jl U>^>-LijJ (JjL><J 

Applied J™3 Jji t^lJliJl ^^P^Ul j-^Sj .ijJ^[yj VJS (*SjjJ\ £0 

j^Lojj .JLJI JjLL» jj^a-J^jjJl Jl J^-*j Molecular Electronics j Nanotech 
La IJlaj t ^-L^aJl ^1l«JL 4_L^2 ob lIj jj>o J JLJI IJla jL*iL^I 5^Lp^ JiSJUu 
Applied Nanotech iSj£ tjLLJl Jp .L^jU^u» ^ \-&£^>_ 

. J_;j>^jl]| j b r. " y-\ LpI ^jl^I 86 L*j jlj c ^1 jJL^I 5*1 y 68 *>UJ L4JJ1J jl 
jl? lijj .A^ilwiJ oLiiJ JiL JLJJ JiJJ ^ jJ Ljb i^UJl i-^-Jl ^^x^Nlj 
^ ol^j-lJl jl ^1 tiJ^-JJ 5iaJ^ j' '^- a l L^l? JUJI jiJuJl 

.jv^Jlj^l Jp jj j^iu^jl J^a>o J ^Lj jl jl iw«j^>-P ^-vaJ jl ^J>\ ^Cs-^j 

j*y 4jjL>JI cjLL>j<JI ^y iisLa 1— iJLSo Jjyju-J jl iw>^jl ^^Nl l jSL^>_j 
^y io^>-Ul ^ oLlkuJlj J~>^»Jlj iJUJl 4jli jJlj ^jjUJI ilJLpj 
j JLii .L&ijl yj ^S C-Jj JUlU.>-J jl ^^Sl^j olS 

^3 1 j^o-p ol5 1 ^Jj J^>cJLi jl ijj_ij>Jl <ULajJl <ij\S j.* i 

JLJI ^Ij jli" lil dJUi Jl ^L^J M JlS hy\^\ <JUxJl jl Ml cdJUi 

. JliJl j-LiiL; I y yJ> l!^>JJ (»j*>\Jl 
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J./?M jj^o ^ Aii oljLwkJl jjb ^U^Jl JLJI j! 
I jjj-S' jjjjJLs .AjjjUl 4JULJI JjJ^i JjL>J u ^i\ ^j^l U-^'j-^ ^ oLS'j-LL) 
c 4_U J*.* ^Li^Jl JLqJI ^>L>^5! ^ jNl ( _ ? xs- 4jjJl_Jl ilJlJLJl ^ Sj-^ 

^JLJ C~=>^Jl ^yiajo j! ^Jl JLJI Vj Ij-»Jl4j (1)1 (1) J ^U-Jl £-JaJL~j M IJJ j 

^JjSfl JUJI ^Ijj ^Jl J^i ^ ^jj-Sfl JjI-lJI u j^^ L.1 .iJuo-P 
^oljJl lLLLj jj-^j j_$l_>Jl gj>ljj| t j_« ^Lls Jj^l <t_L>- ^^Jl o1jL«Jll*i1j 
Small Business Innovation Research o J . » ./? ll oljLSLij^l ^jj-^ 

Small Business Technology 5^ . « ./? ll iJULiJl J^ij ^j^.^ ^U^jj (SBIR) 
L-fjjJ j cj15 _^iJl JMls^ iJLS' ^= (W-^ jL*Ja^»j jlJJJl c Transfer (STTR) 

^U^j ji ^ jj- Ml oljL™<Jl ^yij .1996 j»Lp Ju-a 4_>jJLJl iUULJl jU^LjJl 
oLS^—i j Small Business Administration (SBA) 5 J . » ./? ll ^jL^-oJl 5 jbl 
t Small Business Investment Companies (SBICs) 5 ^JwaJl ^jLL«Jl ^ jl^t^^l 

4_oJj .<L^?L>- CjLo-aL^sj <L~a j£j>~ jj ^jji (jljL~>c_A (j LS" jJLJLa (jLs^-alJ j-i La-Aj 

(I ( J>JuJI 1 g j»L*^J| (JLJI (j-°lj OlS' j-i 0jl~>OJ is- jj±>zJ> L*2jI 

o^J t^-~--L~Jlj t NanoBusiness Alliance ijjjUl JL^^I ^JJU^j 

Oj_J)> i j ^Jl 1 __ s _s oJy 4_^jJ (_g-Ul) Newt Gingrich J^jj^s- 

.L^_J is | ^J^j^l j l^j j.Ujla^I ^1 I jJ^J jj-jJl t jL^^^-J jj>- j (((^ jJbJl 

iij^>Jl ijULxJl cj\SjJ>j) A^jJiiuJl iiLiJl oLS'j-i cJlaL>o t^^j^LJl 
^jjjj ijl j_«Jl ^j-Lf- j-aj LJlS 1 ^ lg '. .ilj (L« Ji_p- ■».,>•? 1 1 

: Lis- i-<JLp ijjjLJl iiLaxJl jl jjfc ^iM^i-Nl I-La o^-Ij .ivsUJl Jlj^Vl 

j! ccJj^j^ilj oUjJm^Jl ijLaj (JIj-jI (_ ? Lp ^LS^sVl oLS'j-iJl . ..." 

jv^-i d)ji tlr"J -L~^lj Ljjjj! ^L) ajjJLJI 4jLaJl ojLjJ oIjLS1jo^/I ^ la «-a 
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JS' j^u jl (Jj«Jl 

<Jl JLJl ^ j (ji^-^ jibU <L>r J-vail 0 j^j 

tlJL?- aLLJls 4L_aj-«_*Jl LjJLJI ajIJLJI cj> \SjJ^i .*>LJl5 Ij^Ja^o jl jj* (_£jJLJl 
ISJ .ijj>^i\j i j~>Jl jiS ^jJj ^x>o ^jjjbJl iiUiJl jlSo! ^jJlp j»^>JIj 
aJlJiaJI ol jJ>~J| (_j JJ L*_J 4 a'. ■/? ^ Jl j_al ci-Ja ^jj olS ^-i ^3 £J Ji 

»l W .~Jl ^ ^^iS' <uL*i L>_a Ij-JlS' J ■ «l jjb U cJni jJ dJUl x> *>Ls tiLLJl 
,«<ti Lo dibulj t aSU^j U i_i yl» : ,_^J yu> JjJL> .<L>jJLJl iiLcJl 

cjIS^jJI ( _ 5 Jlp Ijl>- J^-~ Jl Jlj La 'pj^ OjJul is-Ui jL>^iJl jv-f-j-; 
.1998 JJ cJj <_jl <_J JUJI jlS U5 JU ^Jj Jlp Jj-^J| 5JuJl>J| 
y_iVL= iibjt cJlj U <uli JL>_SJI ^ jj-Sy ^ Jbyl JLJ I (»LlaJl jl £-* j 
jl jj^L*-; ivsL>Jl 4_«_aL™JI jLoJ^^I oL> ^Jj 4-.,^?./?>^<Jl Jl j_a^l j-a ibL* 
Ji-«-> jU±L^*>Li j»j">L]| JUJI jl LoJi .4jjJLJI 4JUJI J Juoj<jl™j 

JiJl Ja Sij .1 ,/?^l i_^pLu JJ iS-'ji j^ Cj^-l ^° yJl jLo±u-^/l jU <d5LJLa 
<uJ Jlj La t (J j— Jl 1 ^ 1 S: 1 4j>JuJl <L>-L>Jl <uLiJl ii jj>=— (.g-^ 

JLoLa jj>tj ^yi-f- JLo-xJL^ilj ■Wal ,/?'Lal j^i (_gJJl JUJI jl-LiLj JIj^ 

N JLJI Jl 4— La i>-L>o ^» ^Jl iS'j-iJl jl ^ii 

jLp^jjl^I jl jl t Laj^jIjJ JjJ—j 

JL<JL 4_^j>cJL^Jl 

^^JLAj LaJLLP diJi ^1j-L>cJJ .jLoJL^x^I JjI j^- 4 1 S a j *LJL>cjJl 1 g " . ■ I cjLJLSo 

t L^Jj i?-L>Jl J^J iLaU- I Jo ^>-Li™jj t^Jj ^Lj>J L>-a jS\ t_JL?La oL^^-lJl 
i jl jJ t oJUJLpJl L|jL>c^La Jlc- jvj*>L<Jl JUJI (J-jjjJI ^ . . W" J ^Jji^Jj 

^Jl jljJaJo tU-^jU oLaj5J>Jlj JjJJJ V-J>jji Jj-Jl J-aJI (3jJw» jl Jj-Jl 
dJi j.ff.a" ^jJI oljNjjJl jl ^ij jj<^Jl j^i iLx-JL^ VI j^Lp L^jjJULa 
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y->y\ p^Lp ^ ' j— 'i dr" SJLj-Ij) Boo.com iSj-j. o^il L>J> 

Jb<j Lj <LJb>- L^s JUi! il) d)l i oj *>L CwoJlxJ <l™jL>wJI cj\S jZ> jlj 

.OjSaJ ^jjj .,h ll * < _r**' ^- , ^ J< -~— '^1 ojJJLjl jl t Enron iSj-J; 

^J> Cj> ^\ Jlj^l ^^La» OOJL>J i iLLJl iLliLlI ol_^L~Jl J *>\J>- 
tjj^l j»LLjl ^ iiLL^ ^\ j->y 4 - JI -3- 5 j-a-t^-~<Jl iljl <_S-LH jIjJLJL jLo^l^^JI 
^jdl iJLJl i<>_JLJLj i LgJi*>Lul ^ t_~pj iS^JJl ^ i>^<Jl i™jJLj 
<tJj ^c^i i_£-LH JLJl jIjJLJ 5Jjlj_a ^lj->-J j-" is jJAi 

ii j-^-j LgJ j— ' p-? 1 ^ j-^-<Jl LgJU>_J (JjUaJ (_gJL<Jj L^sIJLa! JJ-Jb'tjJ "}L<3 

t^j^l L^l^lj^i ^ j j^Cj ^jill ijJLil iliiJl U .1 

ti|j_Jl jj-a ^-J^JLoJl ,Jj jjs> jvJLxji j| jiL 4_jjj>Jl jJaL>t^>Jl oJLA k_JJ>cJ l jSL^J 
i y£-°\ La Ij-JwS (JLq_pM| (V-?^^ uP"*" *LL)^/lj t <J «U ./? a a ijjlj_a j . ./? ><iJJ 

.i>-L>Jl t_^^>o l^^-Sj 

^ ^ y*ZZ^~js ^S- Lj«_y2 ^J^i (3d J^ 3 jv-^Lco JUJb»o jl 

J-ij-" i^-lLj t_S jia l)I >tJ IJJ .iijJLJl 5Jl_i^Jl JJb>Ji ^LaJ J^i^ 

Ja-o^Jl IJla jl .ijjJLJl ijLa^Jl LoJli ij>^vilj c~~J 

L^JLaj tijjLJl iJLalll Cj\j^Jt> i jA*-> 0\ .oJLpxJI oLiivaJl JLap t j^i 1 ygj] AjJj 

I _jjL l)1 *LS'i > yi /jj j^ii™aJJ /^x*j i (j^.w'll IJl^J iJLta j j! t j5v»j 

.^jXiJl i oL>Jl 

Ut-JLJ M t iLoLi "^L^p! ijJLJl SJLaiJl ^jJlJ aIS dlli ^ p-^j^l ^J^J 
«Lo_p|jJl ( _ r ; -Jl t i> j jJ iiLajJl oJlA j! ■ V g 9 j-«J cL-iV Ijujl?- 
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jipIjJLJI pJajoo jU ti-ojLiJl iLliJl oljj™Jl J*>L>- c^jji ibJl olSjJLJJ 
^3 t_^il_LoJl 1 j^i>c-xJl L^-Jj j> ^-jjjJl oJL^j 3j^j>cJI 4jJ_wio (_? ^Jj 



JuJ 



t<iJjL*_a ijjJLJl JLo-p^/I ^oLjj W W W j l)I .Lo_aJl 
.4AJLL™<j l1~>u j-i j! iiLflj iS J^o-f- <_s^ f ' L -' J-"-" ^ i " " 
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hjb)\ cJl - 11 



. (Tils La ijy^l pUdl J jJL>~ L^sjI £yjS Lfili 

J*y, -J %jyr 



192 Uj : i^Ul SJl^JI 



197 L^Ull AJLadl /Lij djj (Vw^Jl Ji jkJl : ^Ul j JbU^I 
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ipj— Jl iiSls ^-wj^l jj>Jl ^-w? J j»JLilil jl ?2L>i j_Jl ^LJl Sl~>- J La^jj Wt 
jj^j! 1415 tilLuJl iisli ilj^Jlj iJjjj>Jl oL-ULjl oli ^LSLjLSL^^Jl *ljj-^Mj 

f^L*. J J ^ liU JJ1 tiUip 

ijjJl_Jl iilJLJJ 4_jLpjJI oU*>LpNI jjJ-*LJL> ,j»Ljl ib-~-Vl oJla 

Jj Jl_j| ^j-~J> y Sy>^> L^l ^"%c~y\ J ijjLJl ijLiLJl JS L>J JjJ 
*>to LjL^ ijUl Ji-Jb" ^ J^ t(4 _ 5 JSCiJl J^l) 

?JUJI j-S^I ► t/ iJl Jo t JUl jjjS^I ^ t^aJj 

iJUfSL i^UJl i-lJS/l jLSoS/l :>j-*J L. j! jjb ^Ij^Jl 

<u g h... <Jl JjVl oIjIScj^/I «b> ./? 1 oIju Jlsj t c .,h " *c^m 20 jj>o Jj AjjJbJl 

y Jj^l l j-~r^\ J-ri tiiJi *-aj .j^-buJl i_i jij lJ Vl J j^s jJL jLJl y 

yiS <uJj t oJu Jc^j <Lc- 1 \./> II J Lftij^>-jj <L>jjLJl iiULJl olJb JLaJ 

iSlS jjb ^yj jiJl j^™<J| JlP jvjLSJI JjjsJl jl Jj I Jajj .i*jUJl Lfrjl 

iiL&Jl Lfdi^i ^jJl ipLvaU jLu_<JI JlloJl jU JaiJlj iSLkJl J JjJl 

( _ y Jl C 4_JJJ^>J| Jl yg aJl ^1 tOljLjjjjJLi ■ la j \ 1 1 jJj-S^J Oj-SCj JLS ijjjLJl 

( *^ ( j^aJL>cJL™oJ I ^j-JjjLiJl SiLjJ jVl JjjC—J t^iL^Jl J ./? a II J LaLuIjU 
cJ^ ^jiJl oljjL>«JL 4jjLi« ix<Jl J 40 Jj J jJJj j>L>Jl Jaiil I J-^j-; 
j^sjyJ Liij IjJJ ^jlJl JLlilJl oJlA j^ia y Jj! Mobil IS^S* cJl^ JLaJ .L^L^ 
12 jj>J JLSo L«) j»Lp JJs JajLj I y ^ j 400 jj>J jJLa ol^jJLixJl 
JCw« JUjtl^^l JLi iJLjiaJl oJlA l)I .LaJb^j oJb>c^<JI oLN jJl J (j^J-> jLJl« 
tlilo iojJl ijijJl 5Ja>t^ J ^JxJl jJ"-^ J 1 ■ a->o 1 iJu tiLjis 3^L« 

(_5 jj kiUi .Sj-a Jj! L^JLo-xjl^Lj *jlJI j^w^ J ./? ■>- jJ kiJJi 'L^jJ 
.AjjjUl iiLiJJ (Ijl^- L^j i_i jX3t*Jl j-f-j) «u JajJl «u^iJl oLuijjjJl 

jj ?L^™<Ju j! Lai ^ j! ^jJl 4jjJLJI ijLaJl jLSLi! ^jjb Lo JJ 

Lg^i ^Jl i^JJl Si j^Jl (^Jb-j j^ i^M^U-^l ^JuJl J j^Cs- Jj! jjo 
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{■L~Sy\ £j[Juaj oUMkJl dJUl ^j>^a .e-L-S'Nl ^LLmSj CjWMkJl 

Slj^JI oJlA ij-lj Jj> kiL ia~>o LgJ I id!) i^sUJl JjJj-^jJl A^J^ ^jIp 

t j~^>J (_J jjbJl j»JuJl ^ <L*JU^ iiu>t* SI j>i 4jLsj olaJa J^-^ *^>ill 

J ji i^-iVl i_~>^>cj ^L>-j ^jLiva-; aJJsl>j Audi A4 jl 5JUJL>Jl oljL— Jl 

P jJL t (_g jj^l 4_^U . JLL>«j1 jlls i_™-J jl jj-SLoj (_5^l Qjl .,<■? il <U>t*«jllJl 

t j_a AjjJU oULja (.s^ t5 — i— 3 1 jj £j'< •/>'-> LjLoJl ^ji oJbJL>tJl jl j-«Jl -J-£J<-« 

jLo»*i— jI ^j^Lo-jj j-s^ Js-"^ ^L^? ^y 3 j-^ j-^Jo ^1 j-a 

jl ^j-SLo-j ^JljJJ OjLLaj ojL-JjJl 4_Ajli ol a . W i (_g ji>- jl la ... II j JlsI jjJl 

Nanogate * t** '^j^-^Wj oL<Jl j j_» ". ./? < iJu t_Lilj_Jl ^Jl iiLvilj 
( _ 5 1p J^>c^™<Jl ~> ^ ^jLk^ij oLll^ is*>lj t Technologies 

M ^jJl j»UJaJl5 L.UJ i-t^Ul oJS JUd^/l jLiJlj ^^Jl oL^ 

oL»_™>u c a . b'."ll <LJlS oll3*>LJl kiJJu i_oj^J ^jSlojj .jLLxJl ^yjljlj J ./?du 

jj-*-J ^^xJ 1 ^_**uil]| i J^ J l J^J J J Wall ^JL^-j L« |j_Aj ol jj>JJ loL^a-a 4_)j_)U 

I oLW*>Ul sJljJ ^^~>j .J^>LlJl ^.^la'll (j— >4j toULL>Jl 

Jjs jv^jJ LiLS' Ij3t" tJ J j~^>\ ^ iS ji ^ *<_s**' '^-*J j>Lo^>Jl c a ; b'." 

.SjjJbJl SjLcJl 

Jo toLaLoo>Jl ^ili'.a ^ oL ijjjbJl iiLiiL! j^~«Jl ^-eJul jj-S^J 

iJULJl Ju t L^p jJ jL? I g ' oJUJL>Jl oULijJl jLLp ^ j»_a ^^iL>Jl 
M (jjjJl dbJjl i™jJLi ^j^j .UAjI L->_^>Jl jvJlxJ j-JlSUI ji jj ajjJLJI 

ol>c^_oJl ( y Ij-^-S' Lp jjJ (jLi c < ^ ."L$La ( _ 5 !-p' j-i-S' i > j^X>- ^]\ Ojs^-\sj>^j 

^JL«-a ( i j_^L>- t-\ ^j, *h~ . m j ( jJ .Lo I j-^- 3 0 h 9 l-^>- Oj-^L^Jl 

^ W " . - j i_s dL\5\J i ajl™]| oJla i*>Lw«Jl jl^p 4_^>b_«_! UjJI ( y '■ ./? < ^j^zii 

.4^viUJl 4j^LiJl ol ^L™Jl Jl jJs> i_j j-^L>Jl i^JUjb j»L>jj&| ja oLiLiJl coils' 
l _ 5 >t^JL> j^jjjjJjJLi <*^™iJl ^JL^isJ 1 4.1-3. g-<Jl aj^^I jaUwa oLiLi oJl^I iLj>oj-U3 
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.4j>t ]g ... <J| liquid crystal displays ilsLJl ol jJJl oLiLi LfL>^ LJL>- 

iLUjJl <b~L~«Jl (j^J .L™~j jJwj \-^aj>iS~j tjj^jJl Jlp J-il UaJtyo t_™~J 

j»L>-v? <LiLi J ^-iLL 5iLp jJw'l ibL-Jl oljjAJl <LiLi J <uj JJ 
Lp jJa— Jil Lajjw^j t(LljJ 24 Jl 4_^U» JjL^j L$J^> JJi) iJa^^Jl ix^i^l 

Jj ./? llj ja'^'yi Jx_>t-J La t c- 1? . I 5jj_vaJl <lL>L-J| Oljj_LJl oUiUi 

e- j U 4j<— iLoJl oLjLjJI oLiLi JJ J jj>nJ IJJ . 4.* i-? a". ° <u-i jJlJ j>c^l\ 

. light emitting diode displays 

£_]»LwJ c. ( j^oLi Lg_>J jwiJJ L*_JLa LoLJ 

<LjJcJI i j-^j JJ olj-5jji J^Li J-^ ^-Jj ^r^))! olj. g >^ill J LJIp Jl«jcl™j 
«LjJLJI <uLLJl JLo-xjl^-Lj .4-oLLw j] tjLg_>Jl SJL^- JJ _$l a-JSLj-^-SnJI 

i-ilS SiLiSy o- _J Jlp W . Jl oJUJL^Jl ^jLva^Jl oJla 4_LaL?L> jVl ,j-SL<>_> 

( _ 5 -Lc' J j ^ >J| ^j-SLo-i t 1 j p j La . - oIjl. iL> jv-SLaTLjJl «-LJI LgJI jJl 
<LiLi ^LLa * j .,h U 4_*_JL«Jl ijjJLJl oLoLjJl <*_JiLi ^LLa (_gjL™j . jl _«J VI 
1 4 . W. g^Jl ^j^Vl j»L>w» oLiLi ^ ^jX^ Ic-jW.i JlJ»I Lj^J i«UjL«JI oIjjJlJI 

oL^L*X> jl j_P ^_Lpj . 4_S" j_p*tJLoJl jj_v2_LI jv-pL j-*^ ^-o— ^-^J 

oLiLi i J V 1 g ttJl 4j<^i^/l j»Lw» oLiLiJ li*>lj^j tJJjLJl oljjAJl 

<lU_o»P ^_f&J t 4_JjLoJ 4-wo-9j j j-v^Jl Jo j->o £ j_v2-IJ 4_*_*^woJl oLjLjJl 

t oJUs JC_a »j U 4j<-iwoJl oLoLiJl oLiLi O j^Ja JjjJ .ojj-s^aJl j^axJ 

a^-Lj ^3 iSIjl^L i»iLi (_g j^>o) oljLiNl ol> jJ i j>s jJ^S ^ <d_oJti™a ^^aj 

4 a . .,(?" La (jl Vj .(f- J •/> U ^-X^ (_jjLj l) j_J^s 19 ^>cJ "^JJ^J^ 1 3-^^ 

oLp j^>t>i ^ Lg-x_si>j Jl>- Lft^Jwaj J-*- ojJJLJI jjk L^_Jj 4jjJLJI ijLaiJI 
<i—~JL <u>^L o j^>ju~a oj ^j^ci iJLS' 4jL5\j Lpijjj Lj-3 j,_Si>ijdJ aUjU iJ jJ 

.aLjyi ^ ji 
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<u_>jULJ1 4 . la . g <J 1 ^ji^iVl LijUoLo-vf »>o 1 5jjJLJI iilJLJl JjL>oj 

.isUaJl ^v^g I g S - *^ g " ■•'1 I j ./? a oLiLiJl tiiJj j-™aL*i J^- 9 0-* ^ j~* ' ' ,n " 
<UIp Ss-LiS" olij <ULji^-j o j^Jtv^ oLiLiJl idDJ ^wsj j! t j5Co^Jl t j>> <\Jl ^>-j 

iS^-JLil) I j 1 5jj W oJl cjLS^-JlJI (_5_u^J 1 g . J> . . " (_g j-=~l ol— il— £ iiLiJ 
^ j-lll) (_g ^1 ^5 j-i l^L-J j NanoChromics i>^JbJl oLJ jlil (Ntera i>oJ^j^l 
0 \iX>^ 3L^>Jl ^Jl -^j<J <. electronic ink ^ j jJlSU^/I j-~>Jl (E Ink 

.JjVl oLSLiJl dDu JSL^Jl ^jlp i*i jlS .Jjj % i>lfJl ^ 
•>L$— l$Jl ^JkJl jiL. jj j (.jv^^Jl ^~Sj iilkJl ij*>l^L^I LJU cJL5 JLai 

(jjjJl oLiLi ^j^jo jJ^-xjl^J ; JJ>cS ijjjbJl SJLiJl cJlj .(^-g-j Ja^aJl 

i-.iilt'.a j^jLp t pixels ^j*>L~SLJI ^! t L^J ojj.^ll ^-^Lpj t(_jjjJL; 

tiiij 0 j j-rf? jl^Ji^!/ L^l>t^ijj jj-^ JaiU>o L^J! jl jil-jNl 

J : ,,h aJ ^ji jjj^JL^j Ji jl .ijU-sl Silla ±5*>LgJL~-l jji 5jj-yaJl 

"o^SJl Jl5LiS/l ipLki iJUJl i;Ufil jSl tiJjwaJl j">U)fl oL-jJ ^3 1^ 

J Oil* j^-^j lt JZj\ O^Ux^JI (^^JlP 4jjJ1_J| SjLS^JI ij->-J jW^-AJ 



^ Nono-Tex J~i olSj-i S_^j>Jl i-i'j^Jl ilj^Jl ^ iL^UJl 

LJii 1 ^L~J*>U 4-ajULjl SI j-<Jlj . ( _ r ~j*>Ljlj ^Lo-aJl j»il_aJl J^->Jl -5l->=-jJ 

Eddie ^ oUdj ^ Jlj— ^1 ^1 cJjj t jjLUl J~i ^1 i™S" ^Jl 
^1 iiLvilj Nano-Tex. *l t Burlington Industriesj LeeJeansj Bauer 
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.5illaJl jvjli j»LL>Jl ls*>L ^ oij^-j^jl jv-JljjsJJ ibL/?_<Jl J^lj-xJl J-a 
^JLj t oLoL^JL^oJl oJJiLiJl ^ . c- jj-SL jl ^LiJiJl IJL^J ^j-SLo-jj 

cj\j>-\jA]\ ^ j j g b I L o!-b i-S'j^Jl c~Jljj<Jl Slj-oj jjjj^Jl i— aLJLi .5~ s i>L J Jl 
^L>-jJl i_sLJ I c—L>_3<jl^Ij .i-^lj-iJl \S ^yXS >jlji Jj ojjJl 5-i- r iJ>- 
5jliJl o!ju Jij .^j^Jl ^y^'AJ J^ail 5jL>^ -^j^j (*-^ ^ J* y° I (j^'-^'j 
ioJL>^l~<JI (j-^Jl Cj\ jS ^ J^ojC—Jj . JJL>Jl IJlA Jlp o J W ; , JL 4jjJbJl 

OJy ol^SCJl Jj«->J iJLrfalvs 5jjJL 5-5 _yi oL Wilson's Double Core 
i (Wilson J jJjJ Lisj CjYjA ^->j\ ^s>- l y3 JjJa! oJLa jji^Jj) oJLju oliL™a 
Babolat cJiJ-ilj t (Davis Cup) Lr ^Lo ^tsD 5_ r «_^l ol^ijl jSlI ^ j 
^™^>ijJ Lg-» '. yfl j ^^-jI tr-™-^ i_jjLsi^ 5_p j^j>t_a 5 jJjJl 4^jLs 5jjJU k_~oLI 
V j-i JjJu ^ij— 5jjJUI t-wjjUSfl j! Jl5j-JI ^ j .ij^L-Sfl 5_ajLL>j iloJj^l 

^Ju! J j^l Uly— bj! <.(Jj-Jl ^Jl LfJL^Js J 5_>jJLJl i^-jUSfL 

( _ 5 jji .iwJaJl j_a Lb~ 5_>jJl_Jl 5JUJI <tt ; .,^>7 i_j (_^JJl J^*^' 
5JLiJl jLJC JJi 1 5-5*>\ 5_*_L~< <u! ^jJlp Ujj k_JaJl j j j»J ^j-^- 
o1j™«>J *>Ui oJL^-i Ji 5Jj^<Jl J^>Jl -° j ^ '• ^ 5jjJL)I 

Jc_« 5^ol_«Jl 5JjJ|j 5j>il-jlJI 5^^^-j JLo-xjl^^/I 5J j-g—- ^ 
.<lJl«-p ./?"! 1 g a; ^Jg ^^s 5J^oJl oIjLj^NIj t5jjJLj oLl~> 

>l5 ]j >l 5jjJbJl 5JUJI £>jUlJ 

Jlj La 5jjJ1jJ| 5Jl_ajJl <u ju<J L» n b^i j! 1 5J ./? ^<>Jl 
cLjLJ Ij L™-lj^j Lj^-j J*>L^ LjL^ M*j olL~J aii t J^li^aJl 
.Up- 5jjJL\J1 5jUJl LJj Jw»j JlaJ .L>L~>-! ^J~?~j 
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L*JI ( _ r a^kJ JJL~a <iJ_p jLU ^ij_^ 1 4_a_JL^ 

LjJLJl ZVti\ o\ Ml 

. 1 <l^&lj Ojj Jj^j 

4iLcuJI dJJb ^waiJl ^J-Jl ^jLp L^ jia t_ ^1 iLU-^l »A| JjJ j 

^ jLpUai U-A J : CjLpLwaJlj Ajj-^JI <UULjli .oLpI jli~Ml J^j><l^I) 

^yj JUJ-xJl CjL?-*>Lp 4->jjLJl ibliJl __^lSLJl iL-J^M j*>Vij^ ipLwaJl 

J*>\J>- ya 4JJj^«-a 0 j5o Ji ti-JUJl l^jjil ^J^J 'jt-iLx-Ii ^ u r*lj-°Ml ^Jai^l 

j j la oJJ (j-Sv-o-j JjjJl ya j-i-S' ^ <LJL>Jl ^JljJLLJ Vijjj .ijjJLJl 4jULlJ1 
i^^S jjJl oL^JLJj 4_j^_>Jl JsLoJ^lj ^iLJLxJl J^>t_™J j! lL_>s-JI oLSj_Ji>j 
^u>J ( _ 5 xJl i jL-xV I (j—iJ yJ^UJ kiHj £-1 yJ^Ml 4jL^ o ^ij Jij .oLpI 

LS^Ml 

^^i J-^ajj t «U ./? a oJl <Lo«_Jj-JLJ| oljjj— Jlj jl ji y\ o1_J_q-P jLlpuj 

<bj.il ■ oJ ^j-S^o-J C <U^U -^a . oLj J . ./? )lj oL-a^I^xiJl ^\ ijL^jJl 

^JLJlaIj iljLo j^f- <L~iL>i (jjJu j» Oj-iL^i (j j— i jLa JJl j Oj>=JI el y>-\ 

0L1 j^\j>Jlj s-LJaVl jj- 4 J-^W^dJ -^J j-^' l< § *-^o-J li} s-ljjJJ 

i_«JLSo yt- ^ajjjcJl yi jj-Sv-a-J i ^1 yi^Ml oe-l^j jL> 4^oU>JL>-Ml pi o la'. » Wj 
L^JLoJtl~j| jj-S^o-J *Ai t 1 s^ajl 'Ij^^*' ^IjL^S'Ml ^yi-J Jj t i_~~>c3 *ljjJl ^jjJaJ 

SiJmJLa <L-iM J ll oLS' j-iJl La j£jj>cJ ^iUJuj toljjjJajJl yo -AjJ-" ^-><->xjl! 
Jwap- U oML>Jl tillj (j-aj .aJ^Lp aJjLW ^LjI ^k^cl oj~S\Jl oL™jlpJI 
.JJbMl ^*>Lp ^ Juoj<i™<JIj cocktail ^jJL^oJl oljLtxJl ^JbcuJl ^^j^Jl ^JLJ 
«Lp (_5Jus ^jIp jl^Ij ^^aj^j. 4_>JU_<J c.|jjj| e.| ^ cJLS' t2001 »Lp ^ 

ol j-xil S^^oo-Jl oJla cJu^>- Ji j .jM 10000 iJo^Js\ oLM jJl ^ JaLS' 
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ioJaXa I Lgj !_s ^j«J ^1 4j Jc^Jl Cipla iS^Ji jv4^ij) iL>^™<Jl ia'iUJl o^»J 

Cji^ ' / J >y 11 d>|Jb~l JLxj 4_£jLL» iJb^ cJ ■/? -^j 

y&j t ciprofloxacin l y y ^L^S jlij^^J] y ij*^ ^LJ>-^ *\ j-i ^J>\ obji^Jl 
iSJLJl tf-SJl 

L^4-LkJ 5-U»^_Jl oLM jJl ^Jl <lo>jJ ^JUl jj^Jl Bayer ^I^Jii-Vl S^lj-J 

< g '-a J t<t_)_Px-™«Jl C~>cJ ./? 'woJl j^f- t j-Q» . ./? o-ll j! t Lis jJSmJlo 

Bayer j! ^ j-; ' Ij^r^ J-*' j-*—-! \ j-J> tApotex 4_>JU^£Jl 

^jIsjC jjb t j d)J t d)bJL>cJl oIjLa Oj^iJ (_5-jJl J1j-~Jlj cJjU>- 

ol^l ./? oJl ^jjL^ j! t jUsj— Jl oUIp jjL; ijjJLJl 4JUL1JI OIJL) lijj 

£pJaL™J LpU .,^11 JjjJl j! ^Js\ LjJ.?- .tiJliJl j*-)!-*-!! Jj-s jl jjlo'll 

*AjLa UjLp i*j jl kiiii ^jJj ^UAj -(^^ j^"' 'Jil isiSio ^-L» ^liij 

LX>cJl i^Jlj (V^i^Jl ^ yC^Jj j! JjjJl ^ylp t *^lygl3l ^jjj J ji^jJl 

JUJI ^Ijj .iLJb>Jl ^pwiJl Jil yj j jjLiil ^^L^Jl ^*>L/s^/lj 

IJJ .'LJ'Ll^ ^jJ^ *>\j«J cJ ^>cJ ^yi L« j-o-P kiUi ,J_Jb>tlJ 

^s>- 4_oj^Jl ojjjJl t j_a OJJLal pi ^ q-l j-^Jl Oil Ajsil^JI 
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t j_« JjjJ jl ijjjbJl iiLiJJ ^jS^kjj .JjL~j <uJ jjJJ <wi j U«-«_J 1 ol^-L^j^^l 

^LjJJI oIjlLJI 1$j 

jr-"-" ^1 ' ^ . ./? „>- ^Jl 4.^,..^<>.>t.l I iiUaJl Jj^>oj j_«Jl 

j-A L0J5) 4_JL>J| ^LyaJl oliliJ ojbj Ju^lj 1 _ r iii^j! (_£ jjUl ^-_^./?-"Jl jl 

jl jilo^Jl i (JCw^Jl Jia i^SLal ^ o->^>o t yJl oUjJm^Jl iiliJ ^ JUJI 
jj>"LJl Jj<->^ jl Ji il ^yi* ^pja^~j jl c *l jijjJlj tLxi-^l 5 j^uiil ^^j^li; 

t j-o j! ol 5 . . II o-L^J t j^Lo_ij .^lpJ-^i^/I ^_w^ <_^j "U^liJul L^Jl 5 . . \i~ 1 

jJLsxj y*-\ Lg-^-j Jj ; « W" I-)' ■'^-~J > =- a iolJL~a Oil ./?"lj Jwisl olc-jJLo 

i ^jU^/I Lg-^j tSjJjJl 5_5jl_aJ I 4jjJbJl ilj^Jl » j^J 1 JliuJl J^->- -^^-j!-*- 0 

1 g a .t ? jj-^-a-; ^ <ul (^j^-j I-Laj .Jj^I j»La_oJl jjjj-SLil (^^-L^ tijjJLJl 
^/^.aU oJL^jJl iajjJaJlj .ioLo-»50l «obiL>-^Jl" jl jiLx^JI c-iJiljJj JLojCL-xL 

or* ^1 jl "o^LW ^Lp ^jJI IJj* ^ U">L^ ^^-i ^ 

Lgj j>- -jJ 1 1 j-i jiS'l (_J ol a . . \}~ 4_«J jJ ^J>- .J^iLlJl ^ ->c-^J 1 JLajJ 1 

.lis t *>liu-s .a^SIojj j! j^Sv-o-j t^j^JmJl JL>JI oLIjjJ s^lij— Jl oi>-i.,^ll 

<U^>- ( j^ajl_ v a^- oUI ^jJL^l™j oL~jj j^s iL>oJ ^jJj oL ■ b'.'ll i jA"-> l _ 5 J< — ~J 

^_al J g "■ . ( _ 5 -Lf' 3jJLa_oJl jJ .^j-oi-a ^/ajx-^xJ ^ . ./> t~ ^J>- j\ c «Ul1j<_« 

jl JlS'j-oJl ^j^j <ul t tl^wilj 0-~~J 4jj^>J| OxJu-^ll oJl^_i <Ulx_<J oLpjaJi^ 

J j .,<?t>J| ^ Ijiij^j A^Lo^Jl oiL^L j»LiJl j jJ-jj^j ^ ^v^j JU 1 SilaJl 

i*j ( _ r _J 1 5JL>Jl 4j^>J| i>JL^!AJ li*>LWj tijjjUl i;UJl jUjti^Lj .L^Jlp 

j-=~^l 3jjJi>^JI SI j-«Jl jl A-^j^iJl Jjl ■/? aJl il^jkJ jL iLilP*>U jj-y jj-^ 1 
.iwwaiwJl fl^JljjJl 5jJU5 ojiU 0-~J iojMJl j»L>Jl Slj^Jl 0 J cIJLaJI 

SLw>Jl (j-^L-l Ji*j oLLi« jju- jlip J^- 5 "-^ i^L-Vl iwiiJl jl t jLj^'yi 
«LJL>Jl ^« JjL* j-Ji ">L><i 2L»ii ii*>LW! J^LLa ^Js\ Ji aJI 

tilL^aJl oJla J ^jIjJI Jjj>JIj .<ij\j\j 1: >Js\j jLJNl ^L~^<l 
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^jJl jjxLJl jUpI J ; Wt j| oL>-*>Lp ->L>oJ <LJ<-; 4^j_jj>JI J.J U SL>JL 

jL>t_<i o-L^JLi j! k— (_gJJl oL>o^/l Jb-b>o Oj-iLw^ ,j~J j-ll Ji>-JLu l)I jiLJl 

i^jIJL^^/ oJUJLj- (JJl jJs il_>tj^ ^->- j\ t ^ ' 'oJU Jl>- i—^S'l j-S' i—a.JLS' j! SJUJUf- 
iiUj jj -^y^ *-* j— " J^LpJI oLIju oJlaj .ajjjJI oMpLiJl 

(_y^Jl) Affymetrix J^-Js oLS^Ji L^JjjJa ^^sJl t4_«JLijL<Jl UaJl J^Jus^J 
^Jlp Jaii OpL-j N <. Agilent j (i_jjJl LgjJ ^3 ii*>LWl oLiUj c j 

0 ^oJl oJla ,j^J t w j ./?->JL i jjjJl ^Jj^ J y>- oLiLiJl j-ijj iJC ^^Lg^-^/l 

LaLLsIjU ijjjUJl jj>Jl L»_^v' l)I j-oJ^ tlr <> - s .^-jj-jLJI 4JL4JI 
^j^Lo-j (ij jjLJI cjLJ jjj^SLi^y L <uu j_>cJl c LaJL ^l^j j_>cJl c j^«5\Jl 
ci^SLs niUi J ./? ■>- lili .^jiJj^l : 1 1 tLS'JJl jlJ dii < _ 5 Jlp jlpL~j j! 
j! ^1 oljLju^lj 3yu>J>\ ^ Uj ^^yw^Jl ^JJI J^=UJ j! 

c^l>J lijj f^SlScJl iJli c^i lil Jv^i liUj ?i5JJl o^^l L^JcuJ 

liL>-S l L> g '■ . 1 J~^>jJl oJU^P 1 o» sflj JL^- ^jjj xl jJ>Jlj j_^Jl ^j-u oLw4jJ-oJl 
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Jl^l jU <■ o^l g-liJj ^ 4jjJl_Jl /pJl cJLii-l jJ ^j~>- 

S-^jcJl! i*jLiJl ^../?Jl JS jU c IJLa yjj\ lils .i^ojcJl jj& iJm^Jl L^ilJL&! 

^j>^ jA\ dttJ j^- lJ Jr ^JNl SjU^Jl ^1 dJLL" ^ i<L*j jJl 

t^jjJl jjj-JL; ^oJL^JIj ^^al^oJlj 4 j cc i*>Vi-^/lj ^Jj^jLJI Ju t Jaii 
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JbjiUI £Udi SJL^JI j^UaJ! : (1) j^JUJI 



Miguel de Cervantes Saavedra IjJliL- j-» ^ <_}■*■?" 



www.nanotechbook.com <http:// : NanotechBook hy\sS\ Z\JcS\ i_jls£ 
^^Jlp (_5jJ^j j_a j ti_ >LlSDJ ( _ r< >_^ J Jl ^Jj_<Jl .www.nanotechbook.com> 

.www.smalltimes.com <http://www.smalltimes.com> iS^^JwaJl 

Small o—j UAjI j-aj .<L>jJtJl iJliLiJlj toj^^LJl oUj <Jlj t^jj^^LJl 

. Times Stock Index 

www.sciam.com/nanotech <http:// : 4_>jJl_Jl jlS^ol ^LjLjUjL- iilJLi 
SjS'jj^VI j»jJu«Jl iL>^J ^jbJl ^Sj^Jl IJla .www.sciam.com/nanotech> 
.5L>-L*Jl ij^JmJl jjUl jL?-V Sjbu^Jl jiLrfa^Jl Scientific American 

www.nano.gov <http://www. : ijjJLJl 4-JULjlJlJ 4_j-»j_«JI SjiL-oJl 
j^^i I 4.oL>J^I o j5^>Jl ^_aU aJLo^-J o jikJ ^jJlp ^ yj>^j . nano.gov > 
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www.nanotechbulletin.com <http://www. : 4_>j-JIj_JI 4_JI_LjlJI S^-^J 
JiixJl >l>w?l o*>l;Li» ^Jip ^ij^Jl IJla fj . nanotechbulletin.com > 

www.nanobusiness.com <http://www. : 4_>j-JIjJI JLo—p^I ^_iJlj>^J 
L*>L~Jlj JU-p^I k_JL>o ^*^<Jl kiJbJjV JL^- jJLva>= . nanobusiness.com > 

www.nanotech-now.com < http://www.nanotech- : jMl 4_>jJbJl SJlJLJl 

.ijjjbJl XJlieJl l£ j-^' <-^» oMvsj ijl^j . now.com > 

www.nanotechplanet.com <http://www. : 5_ij_jl_Jl 4-JI_Lj_JI i^^S^-Js 
iLsAj! j-a j t jLi-^l ^jjbj<J y>-\ x^- y> . nanotechplanet.com > 
j_aj .Loj_>- L» g ) <\_L^? ol^ jL*J>-l j j^s_^Jl jjUJI ol ^j-SLo-j <cSsJ 

■ 1 g ./?->o oLt-LaJjs-ljj AjjJbJl iiLiJlj ^yli- ciLi (.s^ ^ lS^*^ 

4j^jbJI JjLaxJL 2Ui$il Sj^oUil JIj^j^I (j-jjj 

JLJI olSj-i ^yi lS-^ ^jIp Sl^pc^^L i>_jjUl ijUxJl olJU 

jLiu cjI^- jj-p l1^>i-j j»U<-<Jl JLqJI ^^Ij ol^ ° j-/i!^>c>s a>oN ^Ju 

AGTC Funds: www.agtcfunds.com 
Angstrom Partners: www.angstrompartners.com 
ARCH Venture Partners: www.archventure.com 
Ardesta: www.ardesta.com 

Ben Franklin Technology Partners: www.sep.benfranklin.org 
Bessemer Venture Partners: www.bvp.com 
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Capital Stage Nano: www.capitalstagenimo.comjen 

CW Group: eee.cwventures.com 

Draper Fisher Jurvetson: www.drapervc.com 

Evolution Capital: www.evolution-capital.com 

Galway Partners: www.galway.com 

Harris & Harris Group: www.hhgp.com 

Illinois Partners: www.illinoispartners.com 

Lux Capital: www.luxcapital.com 

McGovern Capital: www.mcgoverncapital.com 

Morgenthaler Ventures: www.morgenthaler.com 

Polaris Venture Partners: www.polarisventures.com 

Portage Ventures: www.portageventures.com 

Sevin Rosen Funds: www.sevinrosen.com 

Tribal Weave: www.tribalweave.com 

Venrock Associates: www.venrock.com 
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Udl 

. ^j_J>jJ| J^Jb»_J 1 g la j (_g j>- Jlij t ^jliSol 

ectron Microscopy) j jLg_?«JL«»l 

.(,5 J.J1 M j-^j) 

c-jj- ^ jUs^-vJl ^ i^j<-« £l jJl jLlijl Sjj^ : (Metastasis) Jbui.".„.il 
^ JL-JlI^Lj J-o-*J oj-.j^-; : (Finite State Machine) O^L>Jl .ajJ-st- i!T 

oL™5 JU»../?_<Jl i)L>-^-l il; jis y*yj t SJL>- (^JL . ^UJl JjU-JI tjj^l 

SJ_?-lj 5_JLwj <c_>_-~ ^1L)jl«_j L 55i jji *J--->- : (Electron) jj jJLSnJJ 

.LyS jjJj jJl 4Jc5 y 1 /20000 <_j jL_J 

t _ r Ls- JUJLxJ oLJj jJlSnJI : (Molecular Electronics) k^Li'yJ? 0 ^HJ 

^ oj_L jJJJ 4_Jjj_>- ^jXj j! ilj-oJ 4-u_j : (Hydrophilic) e-LJJ cjL J I 

.(Mia 'J^j^I Jj-**-?) <us J^jj aj yboj 
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•ja iS*>Lx! ^Aj i i_Jlp\M ^jJlp 4.J jjjS ^— -jLI : (Nanotube) (^jjIj 1 
o*>Lpl_ajJl J ; g J^>_xJL™j ,__5-~jj j-; J^L^ J-i^*-» • (Enzyme) jt-jj-ij 
tL*>L>Jl ^ J^>- "^ty^ "(Microtubule) ^jjivo o^~JI 

i ajljo UjJI ljJ*^& ~^y>r : (Oligonucleatide) X£ ^AS jj jj<-JjI 

J^>_*Jj aIL^IjJI ji^M ^ oij^-j^i ^LrT ^y>^> • (Prestin) j^-JL^.jj 

aIxSj oJb^lj <t^>- y> ioL 0>t-i ! (Proton) O^Jji 

.SjjJl aJcUJ (_gJJl j.,^?o»Jl £-jJ 
.»LJww«l olJL^-j ^o^>nJj j-^-S^ (_5 ^iS^T '■ (Protein) j^jjjj 

.oiLJl aIpUJj ojLiJolj * j./?ll jvJlp : (Optics) ''"''olij-^aj 

^jjj^sjJ ol jJ j_a t j_a j_o_Jj_j ^J— ^ iijjj— - ! (Polymerization) » j_»_Li 

i-s^L-l <y lJi>- 3^ oll/^r 



: (Nanoscale Biostructure) ^LiLo-ll 

.("^Ai» <uljjl j|JL>-) jjbJl jv-L~j ^ oJ~o~oJl 1 g .jo I y>- 



iA-U-. I4J ^jdl oNU-l ^3 jJ «oplics» i»iS3! ^ (otpajl iJ5Jl L«JJ^.I (•:::■) 

JL>jt^.l pLi ^jJl fiber optics Jl iJU- 1 ijj-^Jl ol ji^ll ^ J J oL-_L«JL> t j^jAi 
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^Jl 4_^JJl iljjJl £jJ : (Self Healing Structure) |>lSjJMl 2Ljla 

4jJJcL>t_<J I L^jIjj-I jJ ioU : (inhomogeneous Structure) 'LJb*!^ <LJj 

jjUl j»JuJ| ^ ojlo^Jl I^jL^ULo <Lo : (Nanostructure) 4~j 
L>JL^ i^L^Vl 4 ; aW: <Jl ^jlJl ,>» i^l : (Logic Gate) 4 ; ch; <i iiljj 

JJU ^ Jjlj NOT. ^^JjJI ol^j iOR ^Uj^-^I JJ^j t AND ^lijJl 

George Boole. J^j ^jyr >* i^aJauJl oU^Jl 

^^j^-^J Lx_« <LjJ->- olJL>-j ia-i £j ,/> j j-~> t -iSj s T' '■ (Polymer) j-> 

.U-vJlj t j-J-J| jJl cj! j^>-J j-Jl .ol jj 

J^iJj <Lj^_«_J j_j SiLa : (Photorefractive Polymer) »j ..A I I j^X£ j_o_Jj_) 

J^-ij j • (Amorphous Polymers) (4~gJl ji-jAp) jjJLuM j-oJ^j 

<b j^-J^j -l 5 ^*- (V iij^i :( Cross-Linked Polymer) 4i\jLiio oIj^-J^j 

.ojL>o Ja*?- Jajj ( _ 5 ^' J-*-*-" 1"6™> iol~»-~S' Jajljj oli 

^Ijj! jr JL5! : (Field Effect Transistor) ( _ 5 _L«_?«JI J j-mLo-ll jj^-J^I ^ 

Jw^s) ^-^>tlU AjI ^^^-^ ^ ^~ >cj .4->J j^s-oJl ^jl j-iJl ^3 NLo-^Jl^l olj^U^Jjl^Jl 

IJl^- o^Jw2-ll oLJ;-™^-!! • (Ultrafiltration) i< jj«jJI ^JL jj 
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.jj^lLjl <bjJbJl oL>JL™>Jl Ji '. (Nanofiltration) t^jj^ j* 
Sills oljLjJl L^j J jj>cJ ^jJl 5jj^™Jl : (Photosynthesis) ^ j-^ i—~SjJ 

.^jj jjj jj ^jJli i^>|jLp-j j! oljJJjJl iw^S 5iU» jl A-jL.o^S' 4SQ3 * j yaJl 

.Loj^j SSUaJl jj~»-iJl L^j (_g-ij<j ^jJl 4™^L^^/I aLwjjJI 

jl Sjjjj>Jl JLqjC-^I : (Artificial Photosynthesis) ( _yw' <_$J j-^ 

jLj JLJ jJ * jwi j»IJb>cJL~jLi ..\s\\ ^Jj j ,,<h\\ JlJuLj <uJu^aJl <Lil>Jl oli 

t(_gjJl_Jl \ ./?: \\ ^jS- jsA : (Nanoscale Synthesis) ^jjL! Jl 

^pj> j\ju> £-o^J <L« j-lixJl 4~Sj_^>J| ^ iJuk* ! (Entanglement) dLLiJ 

.<Lol>-l SJ jUST ^l^l*^ Li^xLsl^s ^5^j 0-^>o ."1 ./? a' a 

JL>_xJL^I : (Computer Aided Design CAD) i_jj_-L>«JI SJ_pL~w«_) « . o ./? * 

.SjjjbJl i j~S\ jt^^ • (Nanofabrication) ^^jl! ^waj 

SjjJLJI ^y^J' • (Bottom-Up Nanofabrication) ^ij^w* <^j->l-> ^ * ^ * 

^jjJJl ojj^w^ : (Top Down Nanofabrication) ^ jjJ ^j-iL) ^> ; * 

<LJLW« ^ ^jj : (Magnetic Resonance Imaging) L> ,.. ; h';« o II j^J jJL jjj^sj 
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^IjJl ^-^-^JJ i^L^I Uujb : (Molecular Recognition) ^^-jj^j- t_3^j«J 



,"k^i\Jcl\ Cj|j^j>cjJl ^3 jjLJI o ". ■ (Nanotechnology) 4j jj 
jj&j t J jJl>i^ ^ L^oJJu oljjJu ^jjjSo ! (Crystal Growth) oljjJL 

LoLj^-SCJl JjJL>Jl J ; . \s : \ iijj-ls ^Electrophoresis) ^Lij-qS j_w>«_gJ 

UJI 

I JJj t <ulxJl oLi J^xS L~SCp JjLx^j oLlxJl ^^g-SCJl ^->t^xJl 

Jaj^-lJl jU iajj-i ^jj-So UjJl jvJlp ^ j_& : (Hybridization) j^w>vjj 

T.jAjICjG Jsj^ ^JJI ^^uJl Jajjl JjS/l 

t^jJus^oJl jiljjJl jJ SjLjJI J^>-xJL™j ! (Bioavailability) ^j^>- j-iljj 
jLaj i*Jai I4JII0J tjljJLx^l i° j-li^ : (Bistable )jljJLl~» "ill 

. Lg_^>-j Jb>-1 j-2x~J 
k_Jij ^ jj y^Jj LfcS : (Light Emitting Diod) * j**flJU 

.0 j^L^S 

oIxjJ^" <_s^ Jj^j ' jJJ ji-l : (Macromolecule) j^S 

.oljJJl ( jS\ j\ i_i jJl) ^yi 1 aJLo 

j^Xi j\ X^p^ii ^^jpb^Jl jL^>Jl L^>cXo ob_Jj jj ! (Antibody) iUio 
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.a^ju) <Lj j\ SijLi j! iji ^Lp *Lo^Jl ^ JjJ : (Species) 

^jJlc- (^jJLj^ilj ^^Jljj ^c5J^" • (Siderophore) (jjjjjJ_») J_jJj>«JI Jwol^- 

( ka'lj j!) .XptJo j! jj-S^oj j ji olji jl c-jj-5\Jlj l j^>-jj^j\j jV^t^Sil 



AjipLs^J oljj^j— j UjJI jj—^^j JUjCU^I : (DNA Computing) UjJL 2L>«j*- 

iJLP (_yi-P ("j-^d ^> j—"^- d)L~b ! (Swarm Computing) <Lj j-^> 
oL>Jl*-«Jl J-a jj* ./? ll iJudl £y> ^Jb 4 W ; ... . ll oL>JLj«^J| £y> i^ij^S) \X>- 

SJjL*-« ijj^^Jl oL^Jjl jjkJl Lo] .<»Ualil Jh ,,h\ ^Jl\ dJLJi (JPjj lj' Li 

.^j^Jl i^j^Jl jJajl : (Amorphous Computing) ioj-lP <L««j>- 

jv^o-cJl l^J J./?->o SJlIIwi 4j jj : (Pervasive Computing) S»»y»P 2L~»j^- 

^^IjjiJl p j-fij t*S*y>- <LiL ^ia : (Quantum Computing) <Lw° <L«»j^- 

i_4JULj ^LLaJl AjjjU jl <L>j ijl tai : (Liposome) JJiJ JJLtajj^- 

>■ JJL <u <uJLp}U L?-ij^jj L^JL>.3C->il 

J^JJ j_p J^jL° L* j-S^jI j-s<5 j-^ ilL>- : (Graetzel Cell) J^JLij^ i~L>- 

^ JL—S'I L^-i J^jc-Jj tlj— jj— ^ Michael Graetzel 

^]| jwiJl SSUs Jj^j oc^j io jb: < : (Photovoltaic Cell) y}> j£ Sil>- 

212 



i. . a ; » ./? 1 1 Jajj-Ii (j-^ : (Hydrogen Bond) 4_J^w>-jj.La ikjlj 

.ioL (_£ 4 W . aiI^j c_«j<-vil jj>o b^-s J'jpj ^ l£ j-^ (j-*? 1 -™^ 
4J f-(_5J^- ii j5ba LSbJbSb^> rtJii-IJULo 4_J_>j^- <t^Xj : (Rotaxane) jL-S'ljjj 
j! ja^J-oJ^I JL-™51 ^ £j ./? "1 oLp i^SL^I^^^i oiLa : (Zeolite) C--Jjjj 

JJsLJl <Lv?bi>- t^jjLJl i_. ; ./> a bJ jv-^l : (Nanowire) t^jjLj ^JlL^ 

jJU lOOj 1 ^ U oL-ULjl jvJu- : (Nanoscale) ^jUl jiJL» 

^jJlp ^Jl j^Jl j! JJl Jl JJJ <bJL«^- ■ (Microfluidics) <Uj j-^-* ^W^' J—" 

.oUj ^Sb»Jb ^Ui" j-*Jl bfrj» Waa ^ULs j-*-aj obi J jjs> 

55 ^><juJI ^Jlj^Jl j! Jjlj— Jl JJLi 5jj ! (Nanofluidics) Aj^JU 0LL1 

.^LLjl (_g jJU ^yLvi jj<Jl L^j»Waa obi j~s- 

.bJU- JU^IS^I ^ybp j» jju <L^<li <bjlj^ »->bo : (Ceramic) tiLal^ 

i.. a ■/? i : (Complementary Metal Oxide Semiconductor (CMOS)) ^ j_ 



i^jLi iiUJ ^Js\ SjLipAJ <u_bSbll J-a^—J . j-i*-<Jl J™Js! JiU 

.<bj ^SbaJl 0 j5CJ-«Jl ^jl j-Ji 4^-b-s^ ^3 

.^^^5 jbjj>^l>i ^lSJ-^ <>j^ -(ion) SijLi 
J^j (^^JbJl «_LJI (_5^) j»->^ ti> y ^ Oi-^ ' ( L j tno g ra P n y) 5^LJs 

■isj^ J\ "^A cy J^ 1 

iaj^is : (Nanosphere Lift Off Lithography) ijjJLJl oljivJl ^AliLi ipLJ? 
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^Uaj <Li_> ^Is : (Electron Beam Lithography) <LJjjJlSsJ^I1 2Loj^«JL) i^LJ? 
^ \ ./? \ if-LJa <Li-> '■ (Micro Imprint Lithography) ^j^SsJL <L> j jJLo ifrLJs 
J_«jC~J <uL ^Ja : (Dip Pen Lithography) ( _ r J?UJl j*-^a!L< ^>.y^ ipLi? 



c-iLLi-^Jl JsUa^Jl L^jJuLa! tLj^^SLlI J^J N 3iL> : (insulator) JjLe 

.<ui ^ ^Ji\ iS^J^J (*-~>Jl J^"-^ i-j jS- SiU : (Antigen) t ^i> j** J^l* 
<. i_jLSL!| IJla Liij-a <ui t^-^*' j/''/'^" • (Nanoscience) jJLJl ^\s- 

oLil j-_>J| ^yLxjj ol ^-JL>Jl Lftj jjij <LjL-«_J5 oiLa ! (Pheromone) jjjtji 

^^Jlp .L^_J jv^L^uJl dLLlJl illjl : (Decoherence) ilL-L>jJl ilLi 

.kiXajl Ji L»^5wLoJ jj Jlij t Lo-^Lo ^^---Jl jjWll ^-1 . 1 
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^ji ^LsL^-^-SJl ix^^jJl Ji^uJ ^j^LJSM jjJliJl :( Ohm's Law) jjJli 

i_~-Luj : ioLj^SJl o jili ^j-xL-Vl jjjLaJl ! (Coulomb's Law) jjJjS" jjjlS 
.Lo^jLo ^JLv^LaJl 4iL~<Jl j^-;^ L>,^.>>».^ *_o Jo ^yz^z» yo i 

tJJjJl j! ijj<Jl J^SLlS J^SLi oli AjjjU <Ljj ; (Nanorod) i... ■,h"'i 

.1 U Jhl jS\ l_gJ jlsj i^ULjl ^ jjLi La ^Jai 

: (Transition Rules) JU^I J*\ y 

(Mia J-rf'j jl J-^ai iiL^) <L~*» aJL^ y JLo^L (^j— U>Jl ya £jj) oNUJl 

.((AjJJcJl ^isli Jaiwi y^ J-o-^'" JLio^l ys ilia! yi y^l aJL^ ^Js\ 

jLxjI Jji-Jjj e-Lo^Jl yo (_£-i-Jl jvJuJl : (Electrochemistry) jf£ 

.j» j_J^J^/l <t./?aJL ^yliaJl ioL*-S' j4^Jl oljj^—Jl <Joj! yi -^yL j4^Jl 

(_5j^>Jl j»JL*Jl ^y ^j*Jl}\ JuXJj f-^sy^r '■ (Cholestrol) J j y— J j£ 

.sUJl ya jjjij jj&j (.(jLJ^I ^jJ ^UjJIj jlS^JI ikS ya 1^5 l*yr Jio-j) 

yu i>-j.>y> ikjlj ^^Ip (_g iS yj** '■tSyr : (Q uinon ) 
^y-i ^y 4 W . , * j iLLi jj-oLi?-! 1 g i .,r> jj oLa oLyoj^Jlj .y^t-^S^Ij jjj^SvJl 

.^j-aJI i yJl 

.<L« j^5\Jl y>Jl ^y CjL« jJm^JJ oJb>-j '. (Qbit) 

£_JLj) ^*>L^j <L>j-iLj ^yJ j! objyi- : (Luminescent Tag) isJ^LL* 4 2 : ./? 1 

t y_i La ^yJ-*- c5 j^*^ ^LiLjl 4 W ,^ jju oUjy>- : (Rodcoil) ^L-siii >_JjJ 
^ya j ^jiXJLa (j-'ljj ^s-*^^ - J^d' 5 J^-** 1 1^-^ OljJJl jJ^J 

t^j^>J| ij^Jl ^ J^Liu ^ 5iU : (Bio-Inert Materials) Ijj~>- iLoLi- SjLo 

.SjLp jL-j^/l ,_y ^jpLJI jLf>Jl L^vii^ 
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oL*>UL<Jl oli oLi j^<Jl oiJLxJU ijj : (Nanocomposite) 4*3" y> aiLo 

iijjU 5iLa L^i j j^J ^jL> '. (Encapsulated Nanomaterial) iaJUw 4jjjI< aiLo 
jwjjj <JLpliJ ^--S Jj f-iSyT '■ (Suicide Inhibitor) jL>sl!l £)L> 

o ^Jii jJijl .(LoLjij j>^-l 4_Lx_>cj) <CLiLisj e-bl <UJ jjj j»_ijJ^Li -k-J iota 

.8 JvaiJl ^ (UljjJL JbjjdlD 

.oLjSLJl 4-jj>Jl <G|Jj»-j j^-J^j : (Polysaccharides) oLjiwJl i»bcu 

j . ./> >«-j j Sj_g->-l J^>-xJL™j Stal ! (Scanning Probe) ^~«Lo ( j*w>t» 

.^Jl*j jl ^oLaj j^t ^Ja^Jl ^^^-P ^j^^ ^ J->^l ^LjJlj ^«^>J| 

i_~J> ^lil jj-^ '■ (Light Harvesting Complex) e- JslJLJl £*^> 

■ J?yj£\ tj-jS 1 jJl jlpr ^ ej^l ^Jl L^JL-jl 
^1 : (Tail Group) Jji 
LS o^ iLjiaJl objJ>Jl ,j^aj<j <Lo ^yi t-y>- '. (Head Group) ^Ij 4P j-*-^ 

^j-^JL ^-Li ^r*^-? jW^" • (Atomic Force Microscope) JjjJLII SjjLil j-^"? 
( _ r ^>t_a ji j-f^-f • (Magnetic Force Microscope) \ \ h'. « o II Sjiil 

.4 W'.iloJl OjiJl (j-iLi 

J-^>txJl 3j4^-l Jjl I (Scanning Tunneling Microscope) ^yiiJl ^~~«Jl j-frs^f 
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jv-L-Jl (j-^-i j-*J • Binnig and Rohrer jjjjj j^>-\ Jij <. ^—-LJl 

.LjI> j^S JiLi ^h.ij ^-*la (j-'lj ,j— > Liaj "y^i t _ s ^J I ^-~^J lS jj^Jl 

*>L1S ^-51 UL^I) SOix-a : (Molecular Motor) tS"jXJ> 

j! t4j^-j>Jl o*>lL>t^Jl ^iJL^u»J aL™l^>j ijo : (Biosensor) t£j?>- 

^—J^^ij^T JLq-*I**j1 (^^^ ^y^^ 

i on jJj (■ j ./? ll oJ-i ^LJiJ o J . g ^.J oLp jjb : (Photosensor) ^ j-^i> ^^w^a 

j j g la jj— =- jJ j~-*-t ' (Colorimetric Sensor) ^jj jJ (j^L-J ^^^t-a 

. ( _ r ~*-iJl illp (jjj <*J -k;~Jl Jli»Jlj .4JJl>wJ| SiUJl 

. J -S'! J./?->o ^Lo-S^Jl J^pLaJI Jj<->=j oiU : (Catalyst) J^Lsj jjb>«x 

.J^plillJ lji>^ t_~liJl ixiai J^>-*j 1JJ_j 'JjI— 1 *La ^ 
t>i y>-j 1— a-lS k_ ^>cj jli- j! J jJu>t_a ^ ^yL-o-Js • (Analyte) iLLsta 

ij\ j-jJl J^>_>J L*>U>Jl ^j-o-vi J^u<JL™j jJw> (j-^J j-; • (Chaperone) jj.J-a 

4j j'J-SJ La 1 aJU>o . g . .. " Jj<-9 Ij-ft) jlSla ^a iuJjt_«Jl 

oljLiJ J^j>cj j-Jw ^ j p : (Neurotransmitter) . fr Ji^a 

.oiUJlj ^U-i^ll ^ JiLuJl jJlp : (Spectroscopy) iJLka 

.UJUL a>Jbt<J| ^IjjI jj-a : (Gene Therapy) 5^«JL<ta 
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•y> iJb«J SljlJLo <ks '. (Photodynamic Therapy) S-5w>Lji S-j j^a i?«JL<^> 

Ji^Ju 4~r*>U- : (DNA Molecule Therapy) IjjJl «-^_)^ i?dL«*o 

4lL>Jl jj^wi <Ui> j^-oJl J^sl jj<Jl Lo Jb>^Jo <L~s>- 4lL>Jl ^jJJ LijJl oLoJj- 

.(Jll«jl (J-^-x t 4jl ./? <Jl 

Lg_J 0 j-*Lk '■ (Giant Magneto Resistance) 5i^L>^ 4 ; « <i jULo 

oc-l jJLlJ iJl JtojC—j .Lg-J^- ^y^.. . \i ', (J^*^- (j ■ ■ \?~' oJLio <LoL> j_£S\J| ioLjl <1<jjULj 

.aJI>J| i > j-xL>Jl jS'lji ^ 

^ oljLi^l J j^>J ijo : (Neuro Electric Interface) j^5\Jl ^. ./?» (_j2lL> 

^Ldl ( __ 5 Jlp oUJU^Jl ^yj 4-L™L* oULJl Jli^jJ : (Pipelining) Sijl jj> 

jS\ ^1 yjjScJ btj ia..." y 0 jJw5 oLoJ^- ya Jb^lj ! (Monomer) jAyy* 

.OjI ^o~J 

uantum Mechanics) ^0 j^S" cLLJLSwi 

.»1>^£J| JJD ^.W.:. j s^(_5J?- ! (Molecular Conductor) L ^>j>- JiLi 

^5! 4Jlx5 jij ^Lj^^SUI i^>^Jl jt-jJ-P ijji • (Neutron) jj jjJ 

Jajl—j oJLp ^ aJjL>JL>i oULJl Jj<->J iij ^is ; (Mirroring) ^1 jA 
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JJL>Jl JU-x^iL JjIj— Jl dLy>J <Ji>jb '. (Electroosmosis) ^yLj^S" ^*aJ 

L>J~>- Jwo_JtL™J IJJj ICjLj Jjlx-oJ oLlxJl j^-SvJl ^.,<Vjl J>i-J ■(_5^^ J J g 

^j^j : (Micro Electro Mechanical Systems) <L>j j-^-* 'hr^r'^f 0 J f"^ 
O-jj) 4_j J^j>^J *1_qJ| o jSjj 31 j_a : (Hydrophopic) *L«Jl ^>_a jj-fiJ 

.(Sit- tfUkJi 

<_rr^ J< -^-' J' lSJ j-^ J^-** 1 l — J ^ *i>^ Sr^i • (Quantum Dot) 3_y> jJ>^ 4 h ai 

.<LjI> ^S^Jlj <Lj j.,h\\ 
J^SLi oli 4-~Jl>^ oiU jj^Uj (_£ jjU :>- : (Nanodot) Siajij 

oLwJJjj-Jl 4_pJL*_aj ^_w-^5 : (Protein Engineering) oLwJJj^-Jl 4_~<J_wA 

j! <. LoJb j»_™>Jl ^ i j^- y> j-Jw : (Histamin) j r a l" . .- - ei 
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microscopy 

molecular electronics 

nanoelectronics 

self-assembly 

Colorimetry 

spin 

entanglement 

nanofabrication 

magnetic resonance imaging 

cryptography 

nano technology 

electrophoresis 

bioavailability 

adenosine triphosphate ATP 

bulky 

swarm computing 
amorphous computing 
pervasive computing 
quantum computing 



<L^*> jj>- 
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stock index 




code 




imprint 


<i \ . *' 


nanoscale 


iSy^ 


fluidics 




ion 




charge 




net charge 




bottom up 




sphere lift off lithography 




e-beam lithography 


- • ^tVtl - * 1 1 " 11 


imprint lithography 




dip pen lithography 




nano science 




pheromone 




decoherence 




quantum 




amorphous 




plastic 


jjj 


dashboard 


olj-ij-oJlj obl-LxJl «»_>- jj) jpLJl jJ 






automaton 




switch 


Sjlju t J|Jl~o 



transmission electron microscope iliJl j4^> 

(TEM) 

sensor 
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allergen 

catalyst y^> 

spectroscopy V^ 2 ? 

size ^r-^- 0 
standardization 

pipeline ^j'j^ 

resolution jl* 

quantum mechanics ^> y>£ diJl5L« 

nano jJU 

top down ^ jy 

electroosmosis ij^iji? 

quantum dot ikij 

nanodot 4j_^U ikij 

nuclues 5 1 jJ 

metastasize J^iu-j tj-i^j 
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adenosine triphosphate ATP 

allergen 

amorphous 

amorphous computing 

automaton 

bioavailability 

bottom up 

bulky 

catalyst 

charge 

code 

colorimetry 

cryptography 

dashboard 

decoherence 

dip pen lithography 

e-beam lithography 

electroosmosis 

electrophoresis 
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entanglement dLLiJ 

fluidics oUulj-* 

imprint dJL« 

imprint lithography tiLJlj ipU» 

ion Si jLi 
magnetic resonance imaging ^^^kJtJl ^ ^JL ^jj-^; 

metastasize Jj^ii™. t j-i^o 

microscopy jL^u-l 
molecular electronics 
nano 

nano science _^Ul ^Jlp 
nano technology 

nanodot i;j->L> 

nanoelectronics *-1jLJ_5 

nanofabrication iSy^ 

nanoscale ^ 

net charge aJU? o*J< 



nuclues 



pervasive computing i^-^p 

pheromone j j» 

pipeline -^j'j^ 1 

plastic jjj 

quantum 515 

quantum computing L«jI5 l^y- 

quantum dot jlS 1 ikSJ 
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quantum mechanics ^ dLJl£~* 



resolution 



sensor 



self-assembly 



size ^r 0 ^- 0 

spectroscopy V^ 1 ? 

sphere lift off lithography ol ^SCJl i*U» 

spin (^^^ p-i-J^ 
standardization 



stock index ^.^^1 JJ.5 

swarm computing *itr? 

switch iJlJb tJlJL* 

top down j y> 

transmission electron microscope ^Jj j&y\ SliJl j4^> 
(TEM) 
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O yjy 5j<_al>- Ji ^L«_50l Sb-rfl t Mark Ratner ^1 j iJjLo jj—jj^l 
Jl jis Jwo-f- .4j«^jL>J| ^ jjUl ^JwaJlj AjjjUI 5JliJl JLfj<^J iSjULa ^-^j 
j»Lp 4_™w^iLli j g 7 .1.1 J^^- ' j^? 1 -^ oLJjjJlSvJ^I JU<j ^ <uL»j- 
i5_>jJbJl 5JliJJ 2001 j»l*J Feynman jL>j~J Sj-jI?- <l>^ ^J>\ ^ilj tl974 
5^15% (<LS^.Sll) Lu.jil\ (.^JbJl ^jjLSI ^ ^ Ij-^Lp O-^j 

5jULj|j s-Lw«_5sJl ^j^oJLAlfl l j^X-eV>- i j_jb5 .j» j-L<Jlj j yJili <lSj^S\ 

j~J?\j>t-a J-Aj .4-~<JlP 5jLjLi 400 j-"5lj t Lo. ^ I 4Jlv5 oli ^-wilj-aj 5jjJLJ| 

( _ s ^*> ^^i «Lwo_Lp oL~™*j_a ^ <LijJbJl 5JULlJ|j 4_jjj^*J| oLjj ji5\J^!l j - $ 
L~Jjj j»jJu<Jlj j^jjJl <\_J5\J LS'jLl^i Ijl^p Jwo-t-j oIj^5jJI 5^-j.> J '• f, ~ > ~ 

A. P. Sloan Foundation J J^-ojj <. "^>\^S oLpL./?.U J^>L- j 
iSj-lJl ( _ r -_j LjU UAj! Jwo-xj j-aj . AAAS Jlj 5^5"^w<j N 1 a c j<^j-j 
.AjjjUl 5JliJl ivavii^i j^Uw JU y>ij iS'j-i tideapoint 

5JlijJl JL*^» 5j_j.l_Jl olS^-^Jl j-yr^- 'Dan Ratner jJJl j jta 
La^jJU>j i—jUj Driveitaway.com 55 { j~yJ^> ^ iSjLt^j c JJLuJl 

olilj^i ^^s 4 ./? ./? -^-a i_j jJl JL>_p! 55j.j; ^^aj 1 1 g ■ *> jj— iLiill j~5j 

^ oJUl j iS'j.J. j 1 Lg-J ^wJUjJI ^ jlS j ISP Wired Business ISjJ^ 
Snapdragon iLibJl 55 j-iJJ aJL^ !ju .5 c ^>i J Jl cJ^j^/l is jiai>- ^jjj 

5JUJlj jLo^bU oljLiJUxl 55 j-i t^JLij^Jl La^JU jlSj t Technologies 
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o^J ^JMLil» j c^lj 2001 »U PhillyTech il>^= <Gj!jl^I 

^ <u*Lj«_;l J^Jj .LiJi*>Li iSJa^ oJUJl^Jl olS^JJl ^j-™^ o.^'^kti] 
. Zeller Research Ltd ^ aJ LSl^S L-JU^> J^p ixJiUl olS j-lJl 
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ijLijJl ^j-p ol^wiU^ .5JUJL>Jl djL5j_>lJl ( _ r ™^LJ jjlj-; 4_*^oL>- 

.j^^jjj^j 4jwL>- jl! Kellog i^jJUi JL^^Ij iijJbJl 
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o*j ^ 



-118 t 60 t57-56 i^L^Jl 

160 c 1 19 

193 c 1 1 8 : Ls^JcJ\ ji Z*J>*$ I 

84 c22 : g3 ^1^1 

112 : XjLo i jjiil 

132 1 130-129 ^IsSVl 

1 107 c60 i 47-44 t39 : < ^ J -^Sfl 
165-164 c 143 c 134 1 112 

84 1 79 lAiLkJl l*Udl 

142-141 : isUs iUJl 

i47 1 44 t 42-35 i22 : oUj^S^I 
1 81 t 74-73 1 62 1 58 1 51-49 
1 148-147 1 144 1 112 c 91-89 
195 t 157 t 151-150 

c 142-141 t 68 1 13 :oLJjy^J)/l 
153-152 1 150 

c50 c 33 :Ljl,j^J| ol_Jjy^J)/l 
c 157 c 154 t 124 c 97-95 t77 

159 



20 ^jj^J\ 

153 1 74 t ( _ r oj^il 

157 '. jjZ^jb iV>jjA 

: J>J| u Jl^ ^1 ^bj t ^L5l 

107 

197 c 191 :hjlbi\ J^Sfl 

74 :^bJl 

59 1 53 : 4jjJbJl ^^xJl oljjl 

55 c 53 : i>jjUl ^^xJl olj.il 

c 120 c65 1 48 1 45 c39 : iL^Jj^l 
c 158 c 133 c 129 c 123-122 

175 

16 iJjj^^I a>Ju^1 
16 : iJLo^Jl 4j>Jl^VI 
74 :LLi^l 
119-118 o>J 



Ill : ^ jj c jlj jJlajl 
72 

_ 4_J _ 

157 : j j5o«J t iSjL 

97 : jL>j t jL 

139 c 1 10 :J*^y> c^JujL 

68 ; LjjiJl ojJljI 

36 : j^jj ^Jl 

45 : oLJj jJ\ 

4 79 t68 t52 1 35 1 13 : oL-^lJI 
185 t 156 t 150 c 142-141 t 85 

69 :iyJJ\ 

68 

68 : LjJJl ol jjJJI 

68 : LijLlJl oljjiJl 

68 : ^ULJl JjjJUI oljjAJl 

56 : i ji- t i^i 

<. 116 till 1 83 1 13 :hj~>J>\ jj\ 

134 

t79 : ^ULJl <jjJ1_JI aj_^>JI ( _ s iJI 

83 

t71-70 t66-64 t 50 :^Ul ^1 
1 107 1 105-104 t96-95 c 75 
1 143 c 134-133 c 1 16 c 1 13 
153 t 149 t 145 



<. 141 : l^y>Ji\ ^>IJ: j 

154 

31-30 :j_j5LLJl oUj^SCl 

1 128 t33 iL-jJLJl oLJjyLiLJ)/! 

200 t 152 

196 c 110 1 73 : j^SCl ^iUl 

139 '. iJjj i ^^jL-^aJl 

74 : Sj^UI j ^SLLJl 

t68 1 50 :<ujJLlII jj^^l o^UI 
154-153 1 141 1 74 1 72-71 

4 98 4 96 1 74-72 IajjJLJI 
4 159-158 4 154-153 c 1 10 
199 4 196-195 

73 : ijL.jJJl - 

73 :lSl j4 £}\ i y>\J~\- 

449 4 17-16 4 12-11 : cU-Jj-JlJ)!! 
4 185-184 4 182 4 179 4 90 
189 4 187 

4 112-111 4IO8 4 93 : ol_^-jj_;)fl 
135 4 132 

4 110 474 472 429 : Jil yl\ ^iU>J! 
-150 4H8 4 146-144 4 141 
153 4151 

124 4 115 :iJj^)fl 4J /VI 

95 4(»jij! 

69 : oIjl^jJlSCJjAJ/VI 



84 1 79 lAiLkJl Jj^pJ 

158-157 : JJbJl J^«iJl 

107 : i. jxJl iJUl ^J, 

107 : (_j jjbJl ^t~>i 

64 : < _ 5 ^ i j^Jl 

-142 c 104 c86 :^ij-viJl ^Vr- 5 

146 

137 

137 '. Ji-l*JloJl ^**jJl 1wJ-v2j 
! j-^L>cJl oJLpL^oj ^jjLJI ,»-^.<w^ 



159 t 77-75 



t 54-53 t28-27 : ^jJbJl 



199 till t 96-95 t80 t 65 
54 i27 : J> jyS\ ^ 

57 '. ^^.Ja'*.*-qJ I tj^j ^-oJIj ^j^-s*alJ 

t 70 c 49-47 1 35 :^.j^Jl 
1 120 tll7 1 107-105 c 81 
154 c 131 c 124 i 122 

1 1 12-11 1 c 106 c 101 :.J_JlJ^J 
149 c 131 

38 :p,.„.:^] 

66 : LJall 1 oiJxuJl oMpUJ 

200 : LjjJl o">UliJ 

c 177 c 138 t69 :oj_^>Jl iJli_J 
197 c 187-185 c 183-182 



1 101 : { j r e\ _pJl ijLuJl i>jJUl ^jiJl 

110 

159 c 155 c 141 :oULJl 
159 : oik. J I ^IjJl 
136-135 l^lJjJl 

158 ! ' 



t 69 i 45 c 43-42 : 



165 c 71 



154 1 42 : ^^wJjJl 

t74 t69 1 44-42 t 40 : ol^^^Jl 
137 t 124 c 107 c80 

42 : Ik... J I ol^jJl 

42 : dLLidl S-Jb-JLlJl olj^J^I 

44 : ijjCwaJl ol j^J jJl 

45 : ioJir^Jl ol jJl 

81—80 ; (■ j./?U 5j-xLS\Jl ol ^>_J jJl 

42 : SjjJl^^UI ol^jJl 



85 ! ^**Xo <. 

95 : ^"1 JJl J~i}>^\ 

1 83 t 80 1 70-65 ■ ^-r*-^ 1 

154 

39-38 : oljJJl ( ^>J 
81 '. f. oL>c-xJl dL 
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80 : ^jJLI j\ jj| 

157 c 153 c 105 c68 i60 

227 ;j~«^Jl jvJucJl 3jSL>- 

17 '. jLoJwj 3jjL>- 

71 i56 1 54-53 c 17 : Jj^ 5jJU- 

40 : j^j^^l A~_S1 ^ybj *<£y>r 

66 t40 : *Ul 

t98 t47 t45 1 40-39 : oLL,j^Jl 

122 

49 t47 c45 :i.^>Jl obj^Jl 

49 : S^^^^SGl 4jj^>JI objjjJl 

40 ! 5 jJ* objj^Jl 

46-45 : A-^x-ivaJl olij_3>Jl 

143 1 47 c42 obj^Jl 

1 125 1 123 1 18 ij^>J\ 
198 c 196 1 175 

50 IJ^JI 

25 

-c- 

137 ! jJI 1 _ r ioj>Jl 

c 137 c 120 t45 l y>y^\ 

182 

<. 91 1 88 : (DNA) UjUL; JL— » j_>Jl 
200 1 159 <. 157 1 120 t94 



l 88-86 : nh^jJ, Jls> jr J-^='ii 
173 c 125 t 121 



75 *Lj j^*\j>x}\ 



105 c68 ioljjJJl 

88 : ^Ijj^l 

69 :o~r^l 
147 c 141 1 85 jJ y 

85 ; e-L j4^Jl (V 1 * j- - ^" -A-J _jj 
50 



1 1 35 : j-jjjJi^ I o LjL—j j-i ^jJMj 
144-143 

-147 1 85 :*j_^JJ ixJuJl oLlhiJl 
194 t 149 

153 

I*. 

158 c 107 



1 63-62 c 19 c 17 :(SJl^t : „ II 
t 97-96 1 83 1 81-80 t69 t66 
1 148 c 135 1 132 c 122 till 
189 c 161 
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38 : SJbU«Jl oljJJl 
157-155 1 152 1 141 : J\jSi\ 

- J - 

14 : jb t yJlj 
14 : iijU c yJlj 
157 tcJJlj 
107 tJuj-wlj 
45 : (RNA) U 
44 «.42 i40 :Jajlj^Jl 
84 1 64 c 41 c39 :L'Li3l -kjlj^l 
66 : ^vrjjJL^Jl -k>ljjl 
159 :oUL-SLj^1 

22 : dLL. t jj 
95 cJbj 

- - 

95 1 83 :/»L- till- 

158 '■ i Ojbj^«» 

13 :^>>J1 (JlJI 

74 t 70 :^jJJl JLJI 

1 29-28 t26 iSj-^Jl oL-UJl JL 
118-117 1 102 t96 c 51 t49 

61 t56 t49 t32 : <_<;j>Ul JLlI 



159 1 78 : <L)j~Jl <L**>j>Jl 

78-77 : a^JI iojJbJl <L-» _pJl 

t94 1 90-89 l^j-o-xJl i^j^Jl 
200 c 159 t 157 

-c- 

84 t79 : SiUaJl jji- 
146 c 1 19 t86-84 : J-~i>> 

29 : ^jjUl ^1 ^1 _p- 
74 : Lya>Jl iJLj^S^Jl _pJl 
40 c37 : UL^\ ,^1 >JI 
57 t30 t26 :5jUJI ^1 >- 

_ a _ 

50 :oljlJJl 
135 tjvJlj 

153 ^J;"" ' 

t 70-69 1 47-45 t43 : (DNA) UjlJI 
165 c 122-120 

97 :lUU! tJ ^Lbji 

82 : (_£ jjlo-A I ^y^- 5 

_ i _ 

71 c 51 t 41-38 :oljJJl 
38 :5JLJl oljJJl 
38 ! SJ ^>c_^«Jl oljJul 
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182 : Abbott IS jJ. 

ol j il) Affymetrix 4 Sj S> 

200 c 88 :(3J^Jl 

: (oJ^i_aJl CjL>N jJl) Agilent aSjJ^ 
200 c 180 c 173 t 88-87 

107 : Air Products Corporation SS^Ji 

183 : Amgen ZSjJi 
1 84 : Barnes and Noble aS jJ> 

182 : Baxter *S jJ* 

1 07 : Dow Chemical Company aSjJj 

183 : Genentech <SjJi 

182 : Glaxo ISjJ. 

159 :HP ISj£ 

(94 (76 1 74 1 55 1 17 : IBM iSj_ji 
182 1 180 1 171 1 155 <. 153 

182 : Lilly ZSjJ. 

182 1 180 : Merck iS^i 

: (oJL>c^Jl oL^ jJl) Nanolnk iS^Ji 

62 

182 : Pfizer aSjJ, 
1 82 : Pharmacia ISjJi 
88 : GeneChip A^o^-i 
51 (40 (38-37 (35 : ijl^JJl 
38 : iJLJl jjljiJl 
39 :iSjlUi\ jjl yJl 



-26 (23-20 c 14 :^jJLJl JLjl 
(44 (40 (38 (36 (30 (28 
-67 (61-60 1 58 (56-54 c 5 1 
1 85 c.83 c 81-80 1 77-74 (68 
c 101 (98 1 96-94 c 91 1 89 
-111 c 108 1 106 c 104-103 
c 129-128 c 1 18-1 16 t 113 
c 157 c 153 c 150 1 148 c 139 
193 t 166 c 162 

70 1 53 ; ijLljjj (^Jj-o^ 

87 '. <l>j j5^<Jl cLIjI j-Jl 

87 : oLbl^Jl 

101 '. xJijs i 

75 1 44-42 lolSLal^l 

132 

- J 1 - 

122 1 97 '. ^jy>- t ( _ r JLi 

(47 (45 (37-36 : iJUl ob^JJl 
144 (85 

-49 (41-40 ^l^-SJl oL^JLil 
152 tll7 (50 

(47 (38-36 l^j-oJl oL^JJl 

145 

87 (76 : SJj^£J)/l gS\ 

(50 (32-30 :l^j^J>\ ^Jl^JJl 
181 (89 (77 (75-74 (68 
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-I- 

105 : Ijj t (JjjJ-^ 
118 t84 :J£>1» 

158 : Jo c (j-^-*- 
187 i 16 t jk^s- 

_ o _ 

80 :J£>U t ^jSL-jJb jli 
122 : ijLijoj tjjjji jli 
95 t63 : j t/^ji jli 
52 

30 : ,_5 jjUl jvi—Jl ^^jc* 
166 1 61 t54 : ijLijjj tjL>j-i 

- 3 - 

76-75 t 50-49 t35 c22 j^li 

1 50-49 t47 t40 : jjJj-S' j^JLJ 
75 i65 

t62 t 60-59 c 32-31 : dj->U 
c 153-152 1 150 t98 1 89 t66 
159 c 155 

32-31 : k, ,-U jy > j y& 

70 : ^ ^Ul ^iJl 

93-92 : JU^MI JlpI y 

39 : ol>Jl 5 y 

95 ; ^-~<Jl oLxw oLxLill 



39-38 : i^j^Jl ijl yJl 

136-135 1 109 t68 t40 : ^j-^il 
_ J* _ 

147 1 142 t95 t52 : ijlyJl islkil 

147 1 142 : AilkJl 

t63 :2u^Ul ol^Jl ^AiiL ioLkJl 

122 

1 63-62 :iJj^>" i»yJL ic-UaJl 
168 i95 

62 : ^jUl j*^>JL; i^LlaJl 

60 : ^sjJU\ dUL ic-LkJl 

60 JLlI J ipLkJl 

c95 (.71 1 62-61 : ijjJbJl ipLkJl 
184 t 156 

-61 i^UJl jJJLJL L^UI ipLkJl 
156 t95 c 71 i62 

184 : oJb-l j I Jcj_ k_JiaJl 

c 133 c62 c60 t58 : i^-j^Jl JjJ= 
160-159 

132 c 84-83 Ji*Jl 

1 132-127 c 120 t64 c47 : ^Ub-Jl 
197 t 182 t 178 



148 ! ^j-o jj <. 
157 c 153 :J^> i^jUlo 

-18 c 16 :(sjl^J| oLVjJI) 
187 1 161 c 71 1 19 

59-58 c55 y*l>«Jl 

-61 c 56-55 : S-ijJJI SjJJl 

66 i62 

55 ; a>^LJI o jJjJl jj^U^ 

57— 55 '. ^*«^>Jl oL*^>c-a jjfcL>t^ 

56 ! ^SloJl ^*~oJl jj&\j>zj> 

96 t56 : ^jiiJl ^™<Jl yfcU^ 

59-58 :^j^Sa)/l iUJl y*U^ 

t 70 t 63 1 59-55 : ^_Jl olL^> 

95 

143 ! «• 

56 : ^ W'.^^Jl 5 jiil j$>v 

135-134 1 127 olS^^I 

-115 c 83-81 t 79 1 13 : oll>~Jl 
185 t 125-124 c 122 

125 1 120 c 1 15 :\y^\ olI^Ul 

t 1 15 ! 4 la'. «-« j-^_S\Jl ol_™>t_«Jl 

120 t 118 

116-115 : i^jcJaJl ijjjUl oLIj^JI 

-108 c 105 c 101 

192 c 132-131 t 109 



97 : ijIjA t (j-j^ 
71 : jlSCSlI c^jS 
42 

16 ; J^j t j ^ulS^ 
43 :i^Ul 
144 c 142-141 :cjLSj«2>j4£\ 
58 ^U^^l 
1 5 ! bjj i J jJ ^5 
74 li^j^l *U-£Jl 

- J - 



125 t 69 :e 



42 i^IjJUI 



138 1 127 :jJbdl SjjJUI oUvJJl 

1 148 c 105 c96 t68 :jJjLU t^J 

153 

16 : j3? t jUj-J 
150 1 38 
96 ! j^- t 

"f- 

112 c 106 :Gore-Tex SiU 
113 i^iyJl 
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31 '. 0j5jj& 

155 1 94 : <-^jy 

69 t42 : ol ^ ^;_^Jl 

1 122 c 1 10 t 95 i62 :jLt; <-j^J?° 

124 

75 c 51 r^abJl diJliLJl 

-50 c35 c 13 ^ilJlSLJl 
t 141 c 118 t89 i77 i75 i52 

153 

- j - 

157 : Ojj c jUU 
111 : (_5jjUl ^Ju<aJlj i>jjUl 
36 : jj 

jjj<_<Jl JL—Jj^ jV-llxJl JiUl 1- h ./? i 

1 160-159 t 76-75 : (CMOS) 

171 

88 ! ^jjLi j4^Jl ^./V-ll 

1 134 c95 c27 -.L^j-vJL]] JslijJl 
140-139 

c 123 c91 t29 t27 : o^JUl i»UJl 
175 c 134 i 131 

149 c 141 :*j^a}\ Jii 

153 t 56 t49 1 35 : ^l^xil JJLJl 

98-97 t79 t75 : a^JuJI 

37 :5JL£]1 ii^l 31 jJl 

74 t50 : oJlill Jil jJl 



122 1 82-81 :UL>«JI 

uL>N jJl) 2L-« j-Dl j j-f- J\ j->VJ-^> 
80 :(5jl^uJI 

129 : iJ j..../?.nJl o*>L-< j^Jl 

143 : JpLiJl jS> 

17 



110 c 101 



183 1 177 : jUix~.Nl Jl^L. 

58-57 :SJLkJl 

74 t49 c 44-41 : jiUJl 

1 127 : ^LSUaU jJl iJjwiJl i>JLx^Jl 
134-133 

162 t 56 c23 : ^ jjUl ilJu^Jl 



82 ! oL~>c^Jl 



50 UUl 

c 127 wl*JI oUiiLJl 

183 c 136-135 

117 c 24-22 :hjjLJ\ 

1 106 c44 c35 i^j-Jl oUjJi^Jl 

137 

-101 c 81-79 1 13 : i^ijJl iU-Jl 
1 132 1 112-111 c 105 1 103 
193-192 c 185 
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- J - 

24 : ijiJl .j^LiJl oIJl^I j 

96 1 60 ! j^- c ^JbL-Jol j 

:(sjl^lJ| oLMjJI) ^LsjJI Sjljj 
16 c 14 

:(sjl^uJI oLVjJI) JjuJI Sjljj 

16 

16 ; (SJb-iJuJl 
158 c 141 : jl^ tj»Uj 

105 : iJ jJbL c 
199 t 38 ip^ljjJl 



50 ! ^>c_«u| & ^jj^-O 

_ Jfc _ 

112 c95 c 81 : nlJi 

t66 c 46-44 c 39-36 : ^ rJJ j^ r l\ 
165-164 c 143 t96 

96 :i5jL. t/'L-j* 

38 ^^Jl 

138-137 c 127 :oLJjjJl a^juj* 
158 ! ic~js 

178 1 22 1 17-14 :(5JL>^Jl 

OLN jJl) ^J>r ■/? U 4_;_a jJjJl 4 j t g !l 

180 c 16 :(5Jl^uJI 



238 



<*)-. 



3 1 ■'■■■» 



:<I.„I„,1I 



&jLill ^Jt lis _r*X\ Jijj j ii*s*jjl 2_ 

u^jij .a j «j . < ii a j ,„j ,a j*jj-»Ji 
^ls j^aij .a_yji_Di i^LiVlj .a-jjj-vti 

* « « « t 

4_ j l i ... VI ^VUJ. Luetic I i^ " Li»jl 

l j j« i M □ CyMi 111 (^J-Xl fjlr I j » j U i&3 ti * 1 »■ 
(» j tl j « L^j J i^i '■ j L^> a_al i^VL 
.a^a^j 3jS5L».? 

4jLjaLa. 2_ si j i ^ II i^JljIj lUj\_4 

^_ ^ Lo j q 33_jL^_ ta7 Lc _jjl_»Jlj 0 J " ' ' "2 3 

.Y - • I ^Ul Uf^j-Kj^LUI 

j 1 ~ . ~ / . . a ( 3| 3i i a 1 fv ■-, i *C " T I <3 5 "* I 

.Philly Tech 

^ "i j J a tlSlVI .^*"Vlj djLo a^lSJVLj jjrt V" a 

.a^jji ^JJ aj_^L«:vi ^ a^a»ji a^-^uL, 




jiUI ,> JjVI V LSJI (#) 



.1 

JUHj JjJLJI .2 
l Aj4jfim £j^ .3 
^jllll .4 
" ij'.filli .5 
oU^ImII ij'iii" .6 

civwsvij ciUjjj^jyi .7 

UUall .9 

I ji>Ji .10 

11 



do^>LU dju>AJI ^o^-q" 



KACSTcgoniJIq (nqlcJJ 



